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ATTENTION: EO/US 
BOX POT 

ASSISTANT COMMISSIONER FOR PATENTS November 7, 2001 

WASHINGTON, DC 20231 

Dear Sir: 

FIRST PRELIMINARY AMENDMENT 

In the Specification: 

Please substitute the attached specification entitled "Final version of 
PCT/EPOO/04264 for the prosecution at the USPTO to be filed as first preliminary 
amendment" for the original POT specification. 

In the Claims: 

Please substitute the enclosed claims 1 - 1 7, on pages 18-22, inclusive, attached 
to the substitute specification, for original claims 1 - 22. 
In the Abstract: 

Please substitute the enclosed abstract, attached to the substitute specification on 
page 23 for the original abstract. 

U.S. Patent Application No.: Applied For 
International Application No.: PCT/EPOO/04264 
First Preliminary Amendment 
Page 1 

Doc. 3179 



|tg»5 



m 



13 

m 
hi 



REMARKS 

Applicant respectfully requests that the Examiner base the examination upon the 
attached substitute specification, claims, and abstract. An Annotated Copy Of Final 
Version Of PCT/EPOO/04264 is enclosed showing the revisions made in the substitute 
specification, claims, and abstract. 

The PCT specification, claims, and abstract have been revised to conform to U.S. 
requirements. It is believed that no new matter was introduced in revising the specification, 
claims, and abstract. 

In view of the foregoing amendments, it is believed that the application, including 
claims 1 - 17, is in condition for allowance, and favorable action is respectfully requested. 
The Examiner is invited to contact the undersigned by collect telephone call to advance the 
prosecution in any respect. 

No additional fee for this Preliminary Amendment is seen to be required. If any 
additional fee is required, please charge it to Deposit Account No. 50-1848. 



u Respectfully submitted, 

PATTON BOGGS LLP 




Carl X. i^orest, Reg. No. 28,494 
S Telephone: (303) 379-1 114 

U Facsimile: (303) 379-1 1 55 

Customer No.: 24283 
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Device for Dete rmining the Thickness or the Nmnber 
of Sheets of a Sheet-like Object 



5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to a device for de- 
10 tentiining the thickness or the n\amber of sheets of a moving 
sheet-like object, and in particular to a device for deter- 
mining the number of sheets in a stack of paper. 

O Description of Prior Art 

Conventional devices for determining the thickness or the 
number of sheets of a sheet-like object are based in essence 

fIJ 

on two different methods. 

Iris 

1^0 On the one hand, there are some devices operating on a me- 
ii chanical basis. With the aid of a lever operating a micro- 
switch, the edge of the object, e.g. of a stack of sheets, is 
scanned. This method is in fact of simple construction, but 
it is unreliable and less suited for moving objects. 

25 

In contrast thereto, optoelectronic methods, such as e.g. 
passing light control, in which the object, e.g. paper, 
passes through a light barrier, are easier to evaluate. How- 
ever, they are susceptible of errors as the light transmis- 
30 sion changes for different objects, e.g. different kinds of 
paper or printed images, resulting in misinterpretation of 
the optical signal. 

Both of the afore-mentioned methods of determining the thick- 
35 ness or the number of sheets of a moving sheet-like object, 
e.g. a stack of paper, thus entail in part considerable dis- 
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advantages concerning the handling, accuracy and reliability 
in particular with moving sheet-like objects. 

Additional methods, such as the distance measurement by in- 
5 ductive and capacitive sensors, do not result in accurate and 
reliable measurement of the thickness of a sheet-like object 
either and often are also less suited for measuring the 
thickness especially of moving sheet-like objects. 

DE 3934623 Al describes a device for folding specimens to be 
folded, e.g. folding specimens of paper, using an adjustable 
folding pressure, in particular for simultaneously measuring 
the thickness and the compressibility of the folding speci- 
mens. The thickness of folding specimens of paper can be de- 
termined by way of the folding pressure. 

DE 3612914 Al discloses a device for measuring the thickness 
of paper or the like, in which the paper rests on a support, 
and a movably supported sensor is provided which is respon- 
sive to the position of the surface of the paper and which is 
carried by an air cushion; the position of said sensor and 
thus the thickness of the paper can be determined by a meas- 
urement device. 

25 DE 3922992 C2 discloses a means for recognizing both the 
thickness and the edges of recording media in processing ap- 
paratus, in particular in printers, in which the recording 
media rest on a support with an as small gap as possible and 
are adapted to be scanned by a sensing element measuring the 

30 lift and performing a relative movement with respect to the 
recording medium, with measured lift differences being con- 
verted to electrical signals representing the thickness of 
the recording media. 

35 EP 0635696 Bl describes a device for the electronic measure- 
ment of the thickness of thin webs or sheets, in particular 
foils, films or paper sheets, consisting of a fixed support- 
Final Version 
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ing surface and a tactile sensor arranged in fixed manner and 
substantially perpendicularly to this supporting surface and 
having a ferromagnetic tactile member which is movable rela- 
tive to the supporting surface and, as a function of its po- 
sition relative to the supporting surface, influences the 
signal of an inductive transducer in the form of a sensor 
coil and thus indicates the thickness of the webs or sheets. 

DE 19537340 Al describes a page sensor apparatus for produc- 
ing a signal related to a thickness of a sheet of paper, 
which comprises a base plate and a foot plate positioned in 
opposed relation. The base and foot plates are arranged to 
allow the paper to pass therebetween, so that the base and 
foot plates are separated by a distance substantially equal 
to the thickness of the sheet of paper. A capacitance sensing 
means connected to the base plate and the foot plate senses 
changes in the electrical capacitance of the base and foot 
plates and generates an output signal related to the plate 
separation and thus the paper thickness. 

EP 0442727 A2 discloses a paper thickness detecting apparatus 
comprising an electrode detecting unit constituted by a 
ground electrode and an opposing detecting electrode arranged 
in upper and lower positions of a running path of paper, an 
oscillating circuit for generating an oscillation frequency 
signal, a resonant circuit for shifting a resonant point in 
response to a change in electrostatic capacitance correspond- 
ing to a change in paper thickness detected by the electrode 
detecting unit, and a detecting circuit for detecting an out- 
put signal of said resonant circuit in order to determine the 
thickness of the paper. 

US 5,012,248 describes a device for determining the thickness 
of radar absorption material coatings. The device comprises a 
radiating element assembly for transmitting RF energy and re- 
covering reflected RF energy from the coating. A source of a 
frequency-modulated RF signal comprises an FM ramp generator 
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assembly, a buffer amplifier assembly and a Gunn oscillator. 
A ferrite circulator directs the modulated RF signal to the 
radiating element assembly and the reflected RF energy to a 
detector assembly. The detector assembly includes a Schottky 
5 detector^r a video amplifier assembly, a converter/driver as- 
sembly and a digital display, and is adapted to sense the re- 
flected RF energy from the coating and provide a visual dis- 
play in the form of a voltage that is inversely proportional 
to the amount of the reflected RF energy and is a measure for 
10 the thickness of the radar absorption material coating. 

US 4,161,731 discloses an FM radar for the measurement of 
]J coal thickness wherein an FM transmitter is modulated by the 
13 combination of two signals; a horn-type antenna is used, 
^'^'15 which is filled with a material having a dielectric constant 

approximating that of coal, the antenna being positioned 

m flush against the coal. 

flJ 

US 5, 145,560 discloses a method and a device for determining 
1^0 the liquid jet velocity in a paper making machine. This jet 
In velocity is detected by microwave Doppler-ef f ect velocity 
J'^' sensors. The velocity sensors comprise a means for directing 
the microwave signal towards a first location of the liquid 
jet and for receiving the reflected microwave signal from the 
25 liquid jet, the velocity sensors including furthermore a 
means for generating a sensor output signal which is shifted 
in frequency in accordance with the velocity of the jet at 
the first location in accordance with the Doppler effect. 

30 DE 3327526 Al describes a method of determining the wall 
thickness or acoustic velocity of workpieces by means of an 

ultrasonic measuring instrument. The ultrasonic measuring in- 
strument comprises two transducer elements accommodated in a 
common housing, a transmit transducer and a receive trans- 
35 ducer that are acoustically isolated from each other and re- 
ceive and transmit the ultrasonic signals. The transmit ele- 
ment is coupled to a transmitter, and the receive element is 
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coupled to a receiver connected to an evaluation unit. On the 
basis of the travel time of the signal of the transmit trans- 
ducer reflected from a wall or a workpiece and received in 
the receive transducer, the evaluation unit determines the 
workpiece properties, such as the wall thickness or the 
acoustic velocity of the wall material. The evaluation unit 
moreover, by means of correction factors, performs correc- 
tions on the thickness or travel time measured by the ultra- 
sonic measuring instrument, in accordance with the type of 
probe used. These correction factors are retrieved by the 
evaluation unit from a memory (PROM) which furthermore is 
adapted to store the thickness of a calibration body mounted 
on the measuring instrument, previously measured thickness 
values or preset values for measuring a thickness differen- 
tial. For determining a thickness differential from a previ- 
ously measured thickness or a predetermined thickness, a com- 
parison means in the form of a comparator may be connected to 
the evaluation unit. The ultrasonic measuring instriiment can 
also perform thickness measurements during movement relative 
to an object to be measured, e.g. a wall. 

The document WO82/03455 Al describes a method and a device 
for measuring layer the thickness of material layers using a 
frequency-modulated ultrasonic signal. The ultrasonic signal 
is modulated with a specific, fixed modulation rate and di- 
rected to a material layer to be measured. Due to the reflec- 
tion of the signal on the outer and inner boundary layer of 
the material, interference of these reflected signals occurs, 
and the receive signal received by the layer, due to the fre- 
quency modulation of the ultrasonic signal transmitted to the 
layer, thus has a frequency-dependent interference pattern 
having maxima and minima, which may be used for determining 
the thickness of the material layer. 

DE 3424652 Al discloses an apparatus for dynamically deter- 
mining the local weight per unit area of sheet-like material. 
The apparatus comprises an arrangement of transmitter, re- 
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ceiver and material to be measured, in which the portions of 
sound reflected on these elements are faded out of the path 
of rays between the transmitter and the receiver and at the 
same time prevents by suitable means, e.g. sound traps, that 
5 the faded out portions of sound return to the original path 
of rays and reach the transmitter and/or receiver. The mate- 
rial to be measured is in the form of sheets and is moved be- 
tween transmitter and receiver with the aid of guide means, 
e.g. transport rollers. The sheet-like material to be meas- 
10 ured is exposed to sound waves from a sound transmitter, and 
the portions of sound transmitted and reflected by the mate- 
rial to be measured are measured with the aid of a receiver 
in order to determine therefrom the weight per unit area. 

9 

^15 DE 4141446 C2 describes a method of measuring the thickness 
of a film of water, snow or ice on a surface, in which a 
pulse of electromagnetic radiation is directed obliquely from 
above onto the surface covered with such film. The transition 
time of the pulse through the film and thus the thickness of 
..^0 the layer are determined by a transition time difference 
measured in the receiver between a portion of the pulse re- 
3 fleeted back to the receiver at the surface of the film and 
another portion of the pulse reflected back to the receiver 
at the surface on which said film is located. In a different 
25 process, the transition time of a pulse between the transmit- 
ter, the surface covered by a film, and the receiver is meas- 
ured and stored, and this stored transition time is compared 
with a transition time of a momentarily measured transition 
time value for a pulse transmitted by the transmitter and re- 
30 fleeted at the surface of a film located on the surface and 
received in the receiver, and the thickness of the film is 
determined on the basis of this comparison. 

A disadvantage of the conventional devices for determining 
35 the thickness of and the number of sheets of a sheet-like ob- 
ject resides in that they do not permit accurate and reliable 
determination of the thickness and in particular of the num- 
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ber of sheets of a moving sheet-like object, such as a stack 
of paper. 

A further disadvantage of the conventional devices consists 
5 in that no non-contacting and at the same time accurate de- 
tection of the thickness or of the number of sheets is possi- 
ble. 

Still another disadvantage of the conventional devices con- 
sists in that in particular the determination of the thick- 
ness or the number of sheets of moving objects, in which e.g. 
the individual sheets form a loose stack of paper and which 
are moved on arbitrary guide paths at different velocities, 
is not possible in accurate and reliable manner. 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide a device 
for determining the thickness or the number of sheets of a 
sheet-like object, which renders possible an accurate, reli- 
able and non-contacting determination of the thickness or the 
number of sheets of a sheet-like object. 

This object is met by a device for determining the thickness 
25 or the number of sheets of a sheet-like object, comprising: 

a transmitting and receiving device for transmitting radia- 
tion to the object, for receiving reflected radiation con- 
taining at least the part of the radiation transmitted to the 
30 object that is reflected by the object, and for generating a 
signal representing the reflected radiation; and 

an evaluator for determining the thickness or number of 
sheets of the object, which receives the signal representing 
35 the reflected radiation, wherein the evaluator comprises: 
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a memory for storing a plurality of previously determined 
time signal patterns or a plurality of previously deter- 
mined frequency spectra or a plurality of previously deter- 
mined area values of frequency spectra^ which are each as- 
5 sociated with a specific thickness or number of sheets of 
the object; and 

a comparator for comparing the signal representing the re- 
flected radiation or a frequency spectrum derived therefrom 
10 or an area value of a frequency spectrum derived therefrom, 
to the time signal patterns or frequency spectra or area 
values of frequency spectra which are stored in the memory 
and for determining the thickness or the number of sheets 
of the sheet-like object as a result of the comparison, 

15 

The invention, among other things, is based on the finding 
, , that the movement of a sheet-like object in accordance with 

flj the velocity and the thickness or the number of sheets 

"f thereof, respectively, has a different effect, in the instant 

20 case also via the Doppler effect, on the characteristics of 
P the reflected portion of radiation directed onto the moving 

sheet-like object, e.g. microwave radiation, and that thus a 
|4i determination of the thickness of the moving object or of the 

number of sheets, respectively, is rendered possible by vir- 
25 tue of predetermined connections between the radiation char- 
acteristics and the thickness of the object or the number of 
sheets. 



i. 



BRIEF DESCRIPTION OF THE DRAWINGS 

30 

Preferred embodiments of the present invention will be eluci- 
dated in more detail hereinafter with reference to the accom- 
panying drawings in which 

35 Fig. 1 shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 



Final Version 



- 9 - 



cording to a first preferred embodiment of the pre- 
sent invention; 

shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a second preferred embodiment of the 
present invention; 

shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a third preferred embodiment of the pre- 
sent invention; 

shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a fourth preferred embodiment of the 
present invention; and 

shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a fifth preferred embodiment of the pre- 
sent invention . 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

25 

A first preferred embodiment of the present invention will be 
described in the following with reference to Fig. 1. A device 
for determining the thickness or the nvimber of sheets of a 
moving sheet-like object 100 according to the first embodi- 

30 ment of the present invention comprises a transmitting and 
receiving device 102, such as a microwave sensor having a 
waveguide antenna 118, or an ultrasonic sensor or an electro- 
magnetic sensor in general or an acoustic sensor. The trans- 
mitting and receiving device 102 transmits radiation to the 

35 moving object 100, such as a paper or stack of paper, and re- 
ceives reflected radiation comprising at least that part of 
the radiation transmitted to the object that is reflected by 
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Fig. 2 



Fig, 



G Fig. 



Fig. 5 



the moving sheet-like object 100, In response to receipt of 
the reflected radiation, the transmitting and receiving de- 
vice 102 furthermore generates a signal representing this re- 
flected radiation. The device for determining the thickness 
or the number of sheets of a moving sheet-like object 100 ac- 
cording to the first embodiment of the present invention com- 
prises furthermore an evaluation means 104 determining the 
thickness of the moving object on the basis of previously de- 
termined relationships or connections between signal charac- 
teristics and the thickness of the moving object 100. 

The radiation emitted by the transmitting and receiving de- 
vice 102 is scattered by the moving object 100, e.g. sheets 
of paper, and is reflected back to the transmitting and re- 
ceiving device 102. The reflected radiation has a shifted 
frequency with respect to the transmitted radiation due to 
the Doppler effect. Depending on the type of object, e.g. the 
type of paper and the thickness of the paper, but also the 
position and velocity of the moving object, a signal pattern 
or curve is obtained which, in the time and frequency domain, 
is characteristic of the paper thickness or the number of 
sheets of the paper supplied simultaneously in superimposed 
manner. These signals can be digitized, for example, in the 
evaluation means 104, supplied to a calculating unit and ana- 
lyzed there by mathematical auxiliary means. 

In the first embodiment of the present invention, the evalua- 
tion means 104 comprises a first storage means 106 for stor- 
ing one or more previously determined time patterns each as- 
sociated with a specific thickness of the moving object 100. 
The previously determined time patterns may be determined, 
for example, empirically by measuring the reflected radiation 
of a moving object 100 with different thickness or number of 
sheets, but also e.g. with a different velocity, position 
etc. . These characteristic time patterns then are stored in 
the first storage means 106, e.g. a RAM, of a fixed disc or 
another storage medium in order to render possible in a prac- 
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tical application later on a comparison with actually meas- 
ured signal patterns or curves and determine the thickness of 
object 100 on the basis of this. 

In the first embodiment of the present invention, evaluation 
means 104 comprises furthermore a first comparison means 108 
for comparing the time pattern of the signal representing the 
reflected radiation to the stored, previously determined time 
patterns and for determining the thickness of the moving ob- 
ject 100 on the basis of the comparisons. This comparison 
means 108, for example, is capable of retrieving from the 
first storage means 106 those previously determined charac- 
teristic time patterns that are associated with a specific 
thickness of the moving object in order to compare the same 
to the actually measured time patterns of the signal repre- 
senting the reflected radiation. This renders possible a 
thickness determination by way of the time signal. The first 
comparison means 108 may be e.g. a fuzzy logic, any other 
statistical logic, a means carrying out integral value com- 
parisons of integrals of the signals, signal curve compari- 
sons etc.. The first comparison means 108, both in terms of 
hardware and in terms of software, may be implemented with 
arbitrary accuracy of the comparison, e.g. number of the bi- 
nary positions. 

A second preferred embodiment of the present invention will 
be described in the following with reference to Fig. 2. In 
the second embodiment of the present invention, an evaluation 
means 204 comprises a transformation means 210 for transform- 
ing the time pattern of the signal representing the reflected 
radiation to the frequency domain, in order to generate a 
frequency spectrum of the reflected radiation received by a 
transmitting and receiving device 202. The time pattern can 
be read, for instance, into a memory, retrieved from the mem- 
ory and can be transformed to the frequency domain e.g. by 
means of. transformation means 210, such as a means for per- 
forming a Fourier transform, to thus obtain a frequency spec- 
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trum. This frequency spectrum again can be stored in a memory 
for carrying out a comparison later on. However, the fre- 
quency spectrum can also be determined directly from the time 
pattern and then processed further or stored. 

In the second embodiment of the present invention, the 
evaluation means 204 comprises furthermore a second storage 
means 202, e.g. a RAM, a fixed disc or another storage me- 
dium, for storing one or more previously determined frequency 
spectra each associated with a specific thickness of a moving 
object 200. These previously determined frequency spectra may 
be determined, for example, empirically by tests in which the 
time signals for objects of different thickness, e.g. of 
stacks of sheets with different nuinbers of sheets, but also 
e.g. with a different velocity, position etc. are determined 
and transformed to the frequency domain. These frequency 
spectra then are assigned to, or characteristic of, a spe- 
cific thickness or number of sheets of a moving object 200 
having a specific velocity, a specific position etc.. 

In the second embodiment of the present invention, evaluation 
means 204 comprises furthermore a second comparison means 208 
for comparing the frequency spectrum of the reflected radia- 
tion to the stored, previously determined frequency spectrum 
and for determining the thickness of the moving object 200 on 
the basis of the comparisons. In doing so, the previously de- 
termined frequency spectra, each corresponding to a specific 
thickness of object 200, are compared to the frequency spec- 
tra of signals actually measured by the transmitting and re- 
ceiving device 202, which correspond to the reflected radia- 
tion, in order to thus determine the thickness of object 200. 
The second comparison means 208 may be e.g. a fuzzy logic, 
any other statistical logic, a means carrying out integral 
value comparisons of integrals of the spectra, spectrum pat- 
tern comparisons etc. . The second comparison means 208, both 
in terms of hardware and in terms of software, may be imple- 
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mented with arbitrary accuracy of the comparison, e.g. number 
of the binary positions. 

A third preferred embodiment of the present invention will be 
described in the following with reference to Fig. 3. in the 
third embodiment, an evaluation means 304, in addition to a 
transformation means 310 identical to the afore-described 
transformation means 210 of the second embodiment of Fig. 2, 
comprises a third storage means 306 for storing one or more 
previously determined area values each associated with a spe- 
cific thickness of a moving object 300, as well as an area 
determination means 312 for determining the area of the spec- 
trum delivered by transformation means 310 in the region of a 
g specific frequency, e.g. the Doppler frequency, of the re- 
i315 fleeted radiation. 

W During movement of the moving object 300, the part of the ra- 
diation reflected by the moving object 300 is shifted in its 
frequency with respect to the frequency of the transmitted 
radiation due to the Doppler effect. The frequency transform 
Ig of the signal or time pattern corresponding to the reflected 
O radiation has a peak value in the region of that frequency 
that results from the Doppler shift of the transmission fre- 
quency of the signal. Around this frequency component, there 
25 may be performed an integration or area determination by area 
determination means 312, since the area in the transform, 
e.g. the Fourier transform, of the Doppler frequency is a 
measure for the intensity of the reflection and thus for the 
question whether, for example, with a sheet-like input or 
30 output object of a printer, copier or facsimile device etc., 
only one sheet or a plurality of sheets have been drawn in or 
output. The area values can be determined empirically for 
different configurations of the object, in particular in ac- 
cordance with the thickness, but in addition also in accor- 
35 dance with the velocity, position, guiding of the object in a 
device etc., and can be stored in a memory e.g. in the form 
of tables, in order to be able later on to determine the 
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thickness of a moving object 300 that is moved with a spe- 
cific velocity etc.^ directly by way of comparisons of the 
actual area values output by the area determination means 312 
to the stored characteristic area values. 

5 

In the third embodiment of the present invention^, evaluation 
means 304 comprises furthermore a third comparison means 308 
for comparing the area determined by the area determination 
means 312 to the stored, previously determined area values 
10 and for determining the thickness of the moving object 300 on 
the basis of the comparisons. The third comparison means 308 
may be e.g. a fuzzy logic or any other statistical logic 

2 etc., and, both in terms of hardware and in terms of soft- 

l3 

□ ware, may be implemented with arbitrary accuracy of the com- 

^ilS parison, e.g. number of the binary positions, 

CJ 

W A fourth preferred embodiment of the present invention will 
'/^ be described in the following with reference to Fig. 4. The 
device for determining the thickness or the number of sheets 
1^0 of a moving sheet-like object 400 according to the fourth em- 
Ig bodiment comprises a transmitting and receiving means 402 and 
P an evaluation means 404 which, as in the third embodiment, 
comprises a transformation means 410 and an area determina- 
tion means 412, and in addition first, second and/or third 
25 storage means 406a, 406b and 406c, respectively, first, sec- 
ond and/or third comparison means 408a, 408b and 408c, re- 
spectively, and optionally a fourth comparison means 414. The 
first, second and third storage means 406a, 406b and 406c, 
respectively, correspond to the first, second and third stor- 
30 age means 106, 206, 306 of the first, second and third em- 
bodiments of Figs. 1, 2 and 3, and the first, second and 
third comparison means 408a, 408b and 408c, respectively, 
correspond to first, second and third comparison means 108, 
208, 308 of the first, second and third embodiments of Figs. 
35 1, 2 and 3. 
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The first, second and third comparison means 408a, 408b 
and/or 408c may be coupled to comparison means 414, e.g. a 
fuzzy logic, for examining the conformity of the thickness 
values determined by the first, second and/or third compari- 
5 son means 408a, 408b, 408c and for determining a most prob- 
able thickness of the moving object 400 . This permits still 
safer determination of the thickness of the moving object 
400, e.g. the number of sheets of a stack of paper. 

10 The outputs 120, 220, 320, 420a, 420b, 420c, 422 of the com- 
parison means 108, 208, 308, 408a, 408b, 408c, 414 of the 
first, second, third and fourth embodiments may be, for exam- 
2 pie, binary signals having a specific bit width, which code 
p the thickness or the number of sheets of the moving sheet- 
^^15 like object or provide information as to which most probable 
1^ thickness or number of sheets the moving object, e.g. a stack 



RJ 



of paper consisting of sheets, has. 



In a fifth preferred embodiment of the present invention, the 
1^20 device for determining the thickness or the number of sheets 
ill of a moving sheet-like object 500 comprises furthermore a re- 
p flector 516 which, with respect to a transmitting and receiv- 
ing device 502 is arranged behind the moving object 500 and 
which reflects the radiation transmitted through the moving 
25 object 500 to the moving object 500 and to the transmitting 
and receiving device 502. This reflector 516 has the effect 
that the radiation reflected to the transmitting and receiv- 
ing device 502 contains the radiation reflected by reflector 
516 in addition to the radiation reflected by the moving ob- 
30 ject 500. This yields a mixed signal which, similar to the 
statements made hereinbefore, can be processed by an evalua- 
tion means 504 and analyzed to determine the thickness of the 
moving object 500. 

35 By means of the device for determining the thickness and the 
number of sheets of a sheet-like object according to any of 
the preceding embodiments it is possible furthermore to meas- 
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ure the thickness or the number of sheets of a non-moving ob- 
ject . 

In a first embodiment this is possible by moving the device 
or the transmitting and receiving device, respectively. In 
doing so, for example the transmitting and receiving device 
is moved on a platform preferably over small distances, e.g. 
in an oscillating motion, towards the object and away from 
the object. This movement can be generated, for example, by 
an oscillation generating member, e.g. a piezoelectric mem- 
ber, mechanical oscillation generating members etc.. However, 
it is also possible to vary the focusing or the form of the 
radiation used in order to simulate this movement. This can 
be effected e.g. by means of lenses, diaphragms etc.. More- 
over, mirror elements or deflection means altering the beam 
travel length, such as mirrors arranged in the direction of 
the beam, may be utilized to alter the travel lengths of the 
radiation and thus simulate a movement. 

In a second embodiment, there is, for example, neither a 
movement of the transmitting and receiving device nor of the 
object, and only the signal form received by the object, e.g. 
the time signal of the reflected radiation, is detected. This 
reflected signal, in terms of its width and form, is depend- 
ent upon the number of layers or sheets of the sheet-like ob- 
ject, since the signal portions reflected on these layers 
have different travel-back times to the receiving device and 
thus broaden the reflected signal e.g. in terms of time . On 
the basis of the width, it is then possible to determine the 
number of sheets or the thickness of the object. The re- 
flected signal can be processed in various ways, as eluci- 
dated hereinbefore in connection with the previous embodi- 
ments, and can be compared to stored experimental values for 
reflected signals associated with different object thickness 
values. By statistical evaluation of the signal form received 
and of signal forms, stored or determined or learned during 
operation, which are associated with different thickness val- 
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ues, the thickness of an object can be determined simply and 
rapidly. 

The device for determining the thickness or the number of 
sheets of a moving sheet-like object or of a sheet-like ob- 
ject according to the present invention renders possible fa- 
cilitated handling without operational elements. Software 
analysis of the characteristic signals, spectra, areas per- 
mits e.g. arbitrary accuracy, thereby increasing reliability 
to a high degree as well. The device of the present invention 
furtheannore renders possible a simple construction, improved 
evaluation possibilities, is based on a non-contacting proc- 
ess and is flexibly applicable to various configurations, 
e.g. in paper manufacture, paper processing and paper han- 
dling. It may be employed e.g. in the utilization of micro- 
wave radiation with all sheet-like objects having a thickness 
between 1/10 mm and some millimeters. 
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What is claimed is: 



10 



n 



25 



30 



A device for determining the thickness or the number of 
sheets of a sheet-like object, comprising: 

a transmitting and receiving device for transmitting 
radiation to the object, for receiving reflected ra- 
diation containing at least the part of the radia- 
tion transmitted to the object that is reflected by 
the object, and for generating a signal representing 
the reflected radiation; and 



an evaluator for determining the thickness or num- 
ber of sheets of the object, which receives the sig- 
{315 nal representing the reflected radiation. 



1^ wherein the evaluator comprises: 

flJ 

- a memory for storing a plurality of previously de- 
jJO termined time signal patterns or a plurality of pre- 

ll viously determined frequency spectra or a plurality 

of previously determined area values of frequency 
spectra, which are each associated with a specific 
thickness or number of sheets of the object; and 



a comparator for comparing the signal representing 
the reflected radiation or a frequency spectrum de- 
rived therefrom or an area value of a frequency 
spectrum derived therefrom, to the time signal pat- 
terns or frequency spectra or area values of fre- 
quency spectra which are stored in the memory and 
for determining the thickness or the number of 
sheets of the sheet-like object as a result of the 
comparison. 



35 
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A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 1, 
wherein 

the memory comprises a first memory for storing one or 
more previously determined time signal patterns each as- 
sociated with a specific thickness of the object; and 

the comparator comprises a first comparator for compar- 
ing the time signal pattern of the signal representing 
the reflected radiation to the stored previously deter- 
mined time signal patterns and for determining the 
thickness of the object on the basis of the comparisons. 

A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 1, 
wherein the evaluator further comprises: 

a transf ormator for transforming the time signal pattern 
of the signal representing the reflected radiation to 
the frequency domain in order to generate a frequency 
spectrum of the reflected radiation. 

A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 3, 
wherein the transf ormator carries out a Fourier trans- 
form, 

A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 3, 
wherein the evaluator comprises furthermore: 

a frequency spectra memory for storing a plurality pre- 
viously determined frequency spectra each associated 
with a specific thickness of the object; and 
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a second comparator for comparing the frequency spectrum 
of the reflected radiation to the stored previously de- 
termined frequency spectra and for determining the 
thickness of the object on the basis of the comparisons, 

A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 3, 
wherein the evaluator comprises furthermore: 

an area value memory for storing a plurality of previ- 
ously determined area values each associated with a spe- 
cific thickness of the object; 

an area determinator for determining the area of the 
spectrum around the frequency corresponding to the Dop- 
pler shift of the frequency of the radiation transmitted 
to the object; and 

a third comparator for comparing the area determined to 
the stored, previously determined area values and for 
detejnnining the thickness of the object on the basis of 
the comparisons. 

A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 1, com- 
prising furthermore a reflector which, with respect to 
the transmitting and receiving device, is disposed be- 
hind the object and which reflects the radiation trans- 
mitted through the object to the object and to the 
transmitting and receiving device. 

A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 1, 
wherein the comparators comprise a fuzzy logic. 

A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 1, 
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wherein the comparators are coupled to a fourth compara- 
tor for examining the conformity of the thicknesses de- 
termined by the comparators and for determining a most 
probable thickness of the object. 

10. A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 9, 
wherein the fourth comparator is a fuzzy logic. 

11. A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 1, 
wherein the radiation is electromagnetic or acoustic ra- 
diation. 

12. A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 11, 
wherein the radiation is microwave radiation. 

13. A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 11, 
wherein the transmitting and receiving device comprises 
a waveguide antenna. 

14. A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 11, 
wherein the radiation is ultrasonic radiation. 

15. A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 1, 
wherein the object is a moving stack of sheets and the 
thickness of the moving stack of sheets is a measure for 
the number of media. 

16. A device for determining the thickness or the number of 
sheets of a moving sheet-like object according to claim 
15, wherein the moving stack of sheets is a stack of pa- 
per . 
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A device for determining the thickness or the number of 
sheets of a sheet-like object according to claim 15, 
wherein the transmitting and receiving device is in mo- 
tion instead of the object. 



Final Version 



- 23 - 



ABSTRACT 



A device for determining the thickness or the number of 
5 sheets of a sheet-like object has a transmitting and receiv- 
ing device for transmitting radiation to the object, for re- 
ceiving reflected radiation containing at least the part of 
the radiation transmitted to the object that is reflected by 
the objector and for generating a signal representing the re- 
10 fleeted radiation. An evaluator is provided for determining 
the thickness or number of sheets of the object, which re- 
ceives the signal representing the reflected radiation. The 
evaluator has a memory for storing a plurality of previously 
Q determined time signal patterns or a plurality of previously 

I'i 15 determined frequency spectra or a plurality of previously de- 
.^g termmed area values of frequency spectra, which are each as- 

sociated with a specific thickness or number of sheets of the 
object, and a comparator for comparing the signal represent- 
ing the reflected radiation or a frequency spectrum derived 
;^20 therefrom or an area value of a frequency spectrum derived 
{3 therefrom, to the time signal patterns or frequency spectra 
1^ or area values of frequency spectra which are stored in the 
5 memory and for determining the thickness or the number of 
sheets of the sheet-like object as a result of the compari- 
25 son. 
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Device for Determining the Thickness or the Number 
of Sheets of a Sheet-like Object 

^Qocription 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates in general to a device for de- 
termining the thickness or the number of sheets of a moving 
sheet-like object, and in particular to a device for deter- 
mining the number of sheets in a stack of paper. 

Description of Prior Art 

Conventional devices for determining the thickness or the 
number of sheets of a sheet-like object are based in essence 
on two different methods. 

On the one hand, there are some devices operating on a me- 
chanical basis. With the aid of a lever operating a micro- 
switch, the edge of the object, e.g. of a stack of sheets, is 
scanned. This method is in fact of simple construction, but 
it is unreliable and less suited for moving objects. 

In contrast thereto, optoelectronic methods, such as e.g. 
passing light control, in which the object, e.g. paper, 
passes through a light barrier, are easier to evaluate. How- 
ever, they are susceptible of errors as the light transmis- 
sion changes for different objects, e.g. different kinds of 
paper or printed images, resulting in misinterpretation of 
the optical signal. 

Both of the afore-mentioned methods of determining the thick- 
ness or the number of sheets of a moving sheet-like object. 
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35 



e.g. a stack of paper, thus entail in part considerable dis- 
advantages concerning the handling, accuracy and reliability 
in particular with moving sheet-like objects. 

Additional methods, such as the distance measurement by in- 
ductive and capacitive sensors, do not result in accurate and 
reliable measurement of the thickness of a sheet-like object 
either and often are also less suited for measuring the 
thickness especially of moving sheet-like objects. 



DE 3934623 Al describes a device for folding specimens to be 
folded, e.g. folding specimens of paper, using an adjustable 
folding pressure, in particular for simultaneously measuring 
the thickness and the compressibility of the folding speci- 
^^15 mens. The thickness of folding specimens of paper can be de- 
1^ termined by way of the folding pressure. 



J,"" DE 3612914 Al discloses a device for measuring the thickness 

p of paper or the like, in which the paper rests on a support, 

JIT 20 and a movably supported sensor is provided which is respon- 
Ip sive to the position of the surface of the paper and which is 

carried by an air cushion; the position of said sensor and 
thus the thickness of the paper can be determined by a meas- 
urement device. 

25 

DE 3922992 C2 discloses a means for recognizing both the 
thickness and the edges of recording media in processing ap- 
paratus, in particular in printers, in which the recording 
media rest on a support with an as small gap as possible and 
30 are adapted to be scanned by a sensing element measuring the 
lift and performing a relative movement with respect to the 
recording medium, with measured lift differences being con- 
verted to electrical signals representing the thickness of 
the recording media. 



EP 0635696 Bl describes a device for the electronic measure- 
ment of the thickness of thin webs or sheets, in particular 

Annotated Copy of Final Version 



foils, films or paper sheets, consisting of a fixed support- 
ing surface and a tactile sensor arranged in fixed manner and 
substantially perpendicularly to this supporting surface and 
having a ferromagnetic tactile member which is movable rela- 
tive to the supporting surface and, as a function of its po- 
sition relative to the supporting surface, influences the 
signal of an inductive transducer in the form of a sensor 
coil and thus indicates the thickness of the webs or sheets. 

DE 19537340 Al describes a page sensor apparatus for produc- 
ing a signal related to a thickness of a sheet of paper, 
which comprises a base plate and a foot plate positioned in 
opposed relation. The base and foot plates are arranged to 
allow the paper to pass therebetween, so that the base and 
foot plates are separated by a distance substantially equal 
to the thickness of the sheet of paper. A capacitance sensing 
means connected to the base plate and the foot plate senses 
changes in the electrical capacitance of the base and foot 
plates and generates an output signal related to the plate 
separation and thus the paper thickness. 

EP 0442727 A2 discloses a paper thickness detecting apparatus 
comprising an electrode detecting unit constituted by a 
ground electrode and an opposing detecting electrode arranged 
in upper and lower positions of a running path of paper, an 
oscillating circuit for generating an oscillation frequency 
signal, a resonant circuit for shifting a resonant point in 
response to a change in electrostatic capacitance correspond- 
ing to a change in paper thickness detected by the electrode 
detecting unit, and a detecting circuit for detecting an out- 
put signal of said resonant circuit in order to determine the 
thickness of the paper. 

US 5,012,248 describes a device for determining the thickness 
of radar absorption material coatings. The device comprises a 
radiating element assembly for transmitting RF energy and re- 
covering reflected RF energy from the coating. A source of a 
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frequency-modulated RF signal comprises an FM ramp generator 
assembly^ a buffer amplifier assembly and a Gunn oscillator. 
A ferrite circulator directs the modulated RF signal to the 
radiating element assembly and the reflected RF energy to a 
5 detector assembly. The detector assembly includes a Schottky 
detector, a video amplifier assembly, a converter/driver as- 
sembly and a digital display, and is adapted to sense the re- 
flected RF energy from the coating and provide a visual dis- 
play in the form of a voltage that is inversely proportional 
10 to the amount of the reflected RF energy and is a measure for 
the thickness of the radar absorption material coating. 

US 4,161,731 discloses an FM radar for the measurement of 
coal thickness wherein an FM transmitter is modulated by the 
P 15 combination of two signals; a horn-type antenna is used, 
which is filled with a material having a dielectric constant 
l|l approximating that of coal, the antenna being positioned 

]^ flush against the coal. 

20 US 5,145,560 discloses a method and a device for determining 
the liquid jet velocity in a paper making machine. This jet 
' velocity is detected by microwave Doppler-ef f ect velocity 

sensors. The velocity sensors comprise a means for directing 
the microwave signal towards a first location of the liquid 
25 jet and for receiving the reflected microwave signal from the 
liquid jet, the velocity sensors including furthermore a 
means for generating a sensor output signal which is shifted 
in frequency in accordance with the velocity of the jet at 
the first location in accordance with the Doppler effect. 

30 

DE 3327526 Al describes a method of determining the wall 
thickness or acoustic velocity of workpieces by means of an 
ultrasonic measuring instrument. The ultrasonic measuring in- 
strument comprises two transducer elements accommodated in a 
35 common housing, a transmit transducer and a receive trans- 
ducer that are acoustically isolated from each other and re- 
ceive and transmit the ultrasonic signals. The transmit ele- 
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ment is coupled to a transmitter, and the receive element is 
coupled to a receiver connected to an evaluation unit. On the 
basis of the travel time of the signal of the transmit trans- 
ducer reflected from a wall or a workpiece and received in 
5 the receive transducer, the evaluation unit determines the 
workpiece properties, such as the wall thickness or the 
acoustic velocity of the wall material. The evaluation unit 
moreover, by means of correction factors, performs correc- 
tions on the thickness or travel time measured by the ultra- 
10 sonic measuring instrument, in accordance with the type of 
probe used. These correction factors are retrieved by the 
evaluation unit from a memory (PROM) which furthermore is 
^ adapted to store the thickness of a calibration body mounted 

|3 on the measuring instrument, previously measured thickness 

U 15 values or preset values for measuring a thickness dif f eren- 
I'l tial. For determining a thickness differential from a previ- 

W ously measured thickness or a predetermined thickness, a com- 

fit 

parison means in the form of a comparator may be connected to 
p the evaluation unit. The ultrasonic measuring instrument can 

1^20 also perform thickness measurements during movement relative 
{g to an object to be measured, e.g. a wall. 

The document WO82/03455 Al describes a method and a device 
for measuring layer the thickness of material layers using a 

25 frequency-modulated ultrasonic signal. The ultrasonic signal 
is modulated with a specific, fixed modulation rate and di- 
rected to a material layer to be measured. Due to the reflec- 
tion of the signal on the outer and inner boundary layer of 
the material, interference of these reflected signals occurs, 

30 and the receive signal received by the layer, due to the fre- 
quency modulation of the ultrasonic signal transmitted to the 
layer, thus has a frequency-dependent interference pattern 
having maxima and minima, which may be used for determining 
the thickness of the material layer. 

35 

DE 3424 652 Al discloses an apparatus for dynamically deter- 
mining the local weight per unit area of sheet-like material. 
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The apparatus comprises an arrangement of transmitter re- 
ceiver and material to be measured, in which the portions of 
sound reflected on these elements are faded out of the path 
of rays between the transmitter and the receiver and at the 
same time prevents by suitable means, e,g. sound traps, that 
the faded out portions of sound return to the original path 
of rays and reach the transmitter and/or receiver. The mate- 
rial to be measured is in the form of sheets and is moved be- 
tween transmitter and receiver with the aid of guide means, 
e.g. transport rollers. The sheet-like material to be meas- 
ured is exposed to sound waves from a sound transmitter, and 
the portions of sound transmitted and reflected by the mate- 
rial to be measured are measured with the aid of a receiver 
in order to determine therefrom the weight per unit area. 

DE 414144 6 C2 describes a method of measuring the thickness 
of a film of water, snow or ice on a surface, in which a 
pulse of electromagnetic radiation is directed obliquely from 
above onto the surface covered with such film. The transition 
time of the pulse through the film and thus the thickness of 
the layer are determined by a transition time difference 
measured in the receiver between a portion of the pulse re- 
flected back to the receiver at the surface of the film and 
another portion of the pulse reflected back to the receiver 
at the surface on which said film is located. In a different 
process, the transition time of a pulse between the transmit- 
ter, the surface covered by a film, and the receiver is meas- 
ured and stored, and this stored transition time is compared 
with a transition time of a momentarily measured transition 
time value for a pulse transmitted by the transmitter and re- 
flected at the surface of a film located on the surface and 
received in the receiver, and the thickness of the film is 
deteimiined on the basis of this comparison. 

A disadvantage of the conventional devices for determining 
the thickness of and the number of sheets of a sheet-like ob- 
ject resides in that they do not permit accurate and reliable 
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determination of the thickness and in particular of the num- 
ber of sheets of a moving sheet-like object, such as a stack 
of paper. 

A further disadvantage of the conventional devices consists 
in that no non-contacting and at the same time accurate de- 
tection of the thickness or of the number of sheets is possi- 
ble. 

Still another disadvantage of the conventional devices con- 
sists in that in particular the determination of the thick- 
ness or the number of sheets of moving objects, in which e.g. 
the individual sheets form a loose stack of paper and which 
are moved on arbitrary guide paths at different velocities, 
is not possible in accurate and reliable manner. 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide a device 
for determining the thickness or the number of sheets of a 
moving — ohcQt - likc — object — efe — — a — sheet-like object, which 
renders possible an accurate, reliable and non-contacting de- 
termination of the thickness or the number of sheets of a 
moving ahcct - likc object or of a sheet-like object. 

This object is met by a device for determining the thickness 
or the number of sheets of a moving sheet-like object accord - 
ing to claim 1 and by a dovico for dotormining the thickncGG 
or tho number of ohcoto of a Qhcot - liko object according to 
claim 18 , comprising: 

a transmitting and receiving device for transmitting radia- 
tion to the object, for receiving reflected radiation con- 
taining at least the part of the radiation transmitted to the 
object that is reflected by the object, and for generating a 
signal representing the reflected radiation; and 
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an evaluator for determining the thickness or number of 
sheets of the object;, which receives the signal representing 
the reflected radiation;, wherein the evaluator comprises: 

a memory for storing a plurality of previously determined 
time signal patterns or a plurality of previously deter- 
mined frequency spectra or a plurality of previously deter- 
mined area values of frequency spectra^ which are each as- 
sociated with a specific thickness or number of sheets of 
the object; and 

a comparator for comparing the signal representing the re- 
flected radiation or a frequency spectrum derived therefrom 
or an area value of a frequency spectrum derived therefrom/ 
to the time signal patterns or frequency spectra or area 
values of frequency spectra which are stored in the memory 
and for determining the thickness or the number of sheets 
of the sheet-like object as a result of the comparison . 

The invention;, among other things, is based on the finding 
that the movement of a sheet-like object in accordance with 
the velocity and the thickness or the number of sheets 
thereof, respectively, has a different effect, in the instant 
case also via the Doppler effect, on the characteristics of 
the reflected portion of radiation directed onto the moving 
sheet-like object, e,g, microwave radiation, and that thus a 
determination of the thickness of the moving object or of the 
number of sheets, respectively, is rendered possible by vir- 
tue of predetermined connections between the radiation char- 
acteristics and the thickness of the object or the number of 
sheets . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will be eluci- 
dated in more detail hereinafter with reference to the accom- 
panying drawings in which 
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shows a device for determining the thickness or the 

number of sheets of a moving sheet-like object ac- 
cording to a first preferred embodiment of the pre- 
sent invention; 

shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a second preferred embodiment of the 
present invention; 

shows a device for determining the thickness or the 

number of sheets of a moving sheet-like object ac- 
cording to a third preferred embodiment of the pre- 
sent invention; 

shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a fourth preferred embodiment of the 
present invention; and 

shows a device for determining the thickness or the 

number of sheets of a moving sheet-like object ac- 
cording to a fifth preferred embodiment of the pre- 
sent invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

A first preferred embodiment of the present invention will be 
30 described in the following with reference to Fig. 1. A device 
for determining the thickness or the number of sheets of a 
moving sheet-like object 100 according to the first embodi- 
ment of the present invention comprises a transmitting and 
receiving device 102, such as a microwave sensor having a 
35 waveguide antenna 118, or an ultrasonic sensor or an electro- 
magnetic sensor in general or an acoustic sensor. The trans- 
mitting and receiving device 102 transmits radiation to the 
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moving object 100, such as a paper or stack of paper, and re- 
ceives reflected radiation comprising at least that part of 
the radiation transmitted to the object that is reflected by 
the moving sheet-like object 100. In response to receipt of 
the reflected radiation, the transmitting and receiving de- 
vice 102 furthermore generates a signal representing this re- 
flected radiation • The device for determining the thickness 
or the number of sheets of a moving sheet-like object 100 ac- 
cording to the first embodiment of the present invention com- 
prises furthermore an evaluation means 104 determining the 
thickness of the moving object on the basis of previously de- 
termined relationships or connections between signal charac- 
teristics and the thickness of the moving object 100. 

The radiation emitted by the transmitting and receiving de- 
vice 102 is scattered by the moving object 100, e.g. sheets 
of paper, and is reflected back to the transmitting and re- 
ceiving device 102. The reflected radiation has a shifted 
frequency with respect to the transmitted radiation due to 
the Doppler effect. Depending on the type of object, e.g. the 
type of paper and the thickness of the paper, but also the 
position and velocity of the moving object, a signal pattern 
or curve is obtained which, in the time and frequency domain, 
is characteristic of the paper thickness or the number of 
sheets of the paper supplied simultaneously in superimposed 
manner. These signals can be digitized, for example, in the 
evaluation means 104, supplied to a calculating unit and ana- 
lyzed there by mathematical auxiliary means. 

In the first embodiment of the present invention, the evalua- 
tion means 104 comprises a first storage means 106 for stor- 
ing one or more previously determined time patterns each as- 
sociated with a specific thickness of the moving object 100. 
The previously determined time patterns may be determined, 
for example, empirically by measuring the reflected radiation 
of a moving object 100 with different thickness or number of 
sheets, but also e.g. with a different velocity, position 
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etc. . These characteristic time patterns then are stored in 
the first storage means 106, e.g. a RAM, of a fixed disc or 
another storage medium in order to render possible in a prac- 
tical application later on a comparison with actually meas- 
ured signal patterns or curves and determine the thickness of 
object 100 on the basis of this. 

In the first embodiment of the present invention, evaluation 
means 104 comprises furthermore a first comparison means 108 
for comparing the time pattern of the signal representing the 
reflected radiation to the stored, previously determined time 
patterns and for determining the thickness of the moving ob- 
ject 100 on the basis of the comparisons. This comparison 
means 108, for example, is capable of retrieving from the 
first storage means 106 those previously determined charac- 
teristic time patterns that are associated with a specific 
thickness of the moving object in order to compare the same 
to the actually measured time patterns of the signal repre- 
senting the reflected radiation. This renders possible a 
thickness determination by way of the time signal. The first 
comparison means 108 may be e.g. a fuzzy logic, any other 
statistical logic, a means carrying out integral value com- 
parisons of integrals of the signals, signal curve compari- 
sons etc.. The first comparison means 108, both in terms of 
hardware and in terms of software, may 'be implemented with 
arbitrary accuracy of the comparison, e.g. number of the bi- 
nary positions. 

A second preferred embodiment of the present invention will 
be described in the following with reference to Fig. 2. In 
the second embodiment of the present invention, an evaluation 
means 204 comprises a transformation means 210 for transform- 
ing the time pattern of the signal representing the reflected 
radiation to the frequency domain, in order to generate a 
frequency spectrum of the reflected radiation received by a 
transmitting and receiving device 202. The time pattern can 
be read, for instance, into a memory, retrieved from the mem- 
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ory and can be transformed to the frequency domain e.g. by 
means of transformation means 210, such as a means for per- 
forming a Fourier transform, to thus obtain a frequency spec- 
trum. This frequency spectrum again can be stored in a memory 
for carrying out a comparison later on. However, the fre- 
quency spectrum can also be determined directly from the time 
pattern and then processed further or stored. 

In the second embodiment of the present invention, the 
evaluation means 204 comprises furthermore a second storage 
means 202, e.g. a RAM, a fixed disc or another storage me- 
dium, for storing one or more previously determined frequency 
spectra each associated with a specific thickness of a moving 
object 200. These previously determined frequency spectra may 
be determined, for example, empirically by tests in which the 
time signals for objects of different thickness, e.g. of 
stacks of sheets with different numbers of sheets, but also 
e.g. with a different velocity, position etc. are determined 
and transformed to the frequency domain. These frequency 
spectra then are assigned to, or characteristic of, a spe- 
cific thickness or number of sheets of a moving object 200 
having a specific velocity, a specific position etc.. 

In the second embodiment of the present invention, evaluation 
means 204 comprises furthermore a second comparison means 208 
for comparing the frequency spectrum of the reflected radia- 
tion to the stored, previously determined frequency spectrum 
and for determining the thickness of the moving object 200 on 
the basis of the comparisons. In doing so, the previously de- 
termined frequency spectra, each corresponding to a specific 
thickness of object 200, are compared to the frequency spec- 
tra of signals actually measured by the transmitting and re- 
ceiving device 202, which correspond to the reflected radia- 
tion, in order to thus determine the thickness of object 200. 
The second comparison means 208 may be e.g. a fuzzy logic, 
any other statistical logic, a means carrying out integral 
value comparisons of integrals of the spectra, spectrum pat- 
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tern comparisons etc. , The second comparison means 208, both 
in terms of hardware and in terms of software, may be imple- 
mented with arbitrary accuracy of the comparison, e.g. number 
of the binary positions, 

A third preferred embodiment of the present invention will be 
described in the following with reference to Fig . 3 . In the 
third embodiment, an evaluation means 304, in addition to a 
transformation means 310 identical to the afore-described 
transformation means 210 of the second embodiment of Fig, 2, 
comprises a third storage means 306 for storing one or more 
previously determined area values each associated with a spe- 
cific thickness of a moving object 300, as well as an area 
determination means 312 for determining the area of the spec- 
trum delivered by transformation means 310 in the region of a 
specific frequency, e.g. the Doppler frequency, of the re- 
flected radiation. 

During movement of the moving object 300, the part of the ra- 
diation reflected by the moving object 300 is shifted in its 
frequency with respect to the frequency of the transmitted 
radiation due to the Doppler effect. The frequency transform 
of the signal or time pattern corresponding to the reflected 
radiation has a peak value in the region of that frequency 
that results from the Doppler shift of the transmission fre- 
quency of the signal. Around this frequency component, there 
may be performed an integration or area determination by area 
determination means 312, since the area in the transform, 
e.g. the Fourier transform, of the Doppler frequency is a 
measure for the intensity of the reflection and thus for the 
question whether, for example, with a sheet-like input or 
output object of a printer, copier or facsimile device etc., 
only one sheet or a plurality of sheets have been drawn in or 
output. The area values can be determined empirically for 
different configurations of the object, in particular in ac- 
cordance with the thickness, but in addition also in accor- 
dance with the velocity, position, guiding of the object in a 
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device etc., and can be stored in a memory e.g. in the form 
of tables, in order to be able later on to determine the 
thickness of a moving object 300 that is moved with a spe- 
cific velocity etc., directly by way of comparisons of the 
actual area values output by the area determination means 312 
to the stored characteristic area values* 

In the third embodiment of the present invention, evaluation 
means 304 comprises furthermore a third comparison means 308 
for comparing the area determined by the area determination 
means 312 to the stored, previously determined area values 
and for determining the thickness of the moving object 300 on 
the basis of the comparisons. The third comparison means 308 
may be e.g. a fuzzy logic or any other statistical logic 
etc., and, both in terms of hardware and in terms of soft- 
ware, may be implemented with arbitrary accuracy of the com- 
parison, e.g. number of the binary positions. 

A fourth preferred embodiment of the present invention will 
be described in the following with reference to Fig. 4. The 
device for determining the thickness or the number of sheets 
of a moving sheet-like object 400 according to the fourth em- 
bodiment comprises a transmitting and receiving means 402 and 
an evaluation means 404 which, as in the third embodiment, 
comprises a transformation means 410 and an area determina- 
tion means 412, and in addition first, second and/or third 
storage means 406a, 406b and 406c, respectively, first, sec- 
ond and/or third comparison means 408a, 408b and 408c, re- 
spectively, and optionally a fourth comparison means 414. The 
first, second and third storage means 406a, 406b and 406c, 
respectively, correspond to the first, second and third stor- 
age means 106, 206, 306 of the first, second and third em- 
bodiments of Figs. 1, 2 and 3, and the first, second and 
third comparison means 408a, 408b and 408c, respectively, 
correspond to first, second and third comparison means 108, 
208, 308 of the first, second and third embodiments of Figs. 
1, 2 and 3. 
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The first, second and third comparison means 408a, 408b 
and/or 408c may be coupled to comparison means 414, e.g. a 
fuzzy logic, for examining the conformity of the thickness 
values determined by the first, second and/or third compari- 
son means 408a,. 408b, 408c and for determining a most prob- 
able thickness of the moving object 400. This permits still 
safer determination of the thickness of the moving object 
400/ e.g. the number of sheets of a stack of paper. 

The outputs 120, 220, 320, 420a, 420b, 420c, 422 of the com-- 
parison means 108, 208, 308, 408a, 408b, 408c, 414 of the 
first, second, third and fourth embodiments may be, for exam- 
ple, binary signals having a specific bit width, which code 
the thickness or the number of sheets of the moving sheet- 
like object or provide information as to which most probable 
thickness or number of sheets the moving object, e.g. a stack 
of paper consisting of sheets, has. 

In a fifth preferred embodiment of the present invention, the 
device for determining the thickness or the number of sheets 
of a moving sheet-like object 500 comprises furthermore a re- 
flector 516 which, with respect to a transmitting and receiv- 
ing device 502 is arranged behind the moving object 500 and 
which reflects the radiation transmitted through the moving 
object 500 to the moving object 500 and to the transmitting 
and receiving device 502. This reflector 516 has the effect 
that the radiation reflected to the transmitting and receiv- 
ing device 502 contains the radiation reflected by reflector 
516 in addition to the radiation reflected by the moving ob- 
ject 500. This yields a mixed signal which, similar to the 
statements made hereinbefore, can be processed by an evalua- 
tion means 504 and analyzed to determine the thickness of the 
moving object 500. 

By means of the device for determining the thickness and the 
number of sheets of a sheet-like object according to any of 
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the preceding embodiments it is possible furthermore to meas- 
ure the thickness or the number of sheets of a non-moving ob- 
ject. 

In a first embodiment this is possible by moving the device 
or the transmitting and receiving device respectively. In 
doing so, for example the transmitting and receiving device 
is moved on a platform preferably over small distances, e.g. 
in an oscillating motion, towards the object and away from 
the object. This movement can be generated, for example, by 
an oscillation generating member, e.g. a piezoelectric mem- 
ber, mechanical oscillation generating members etc.. However, 
it is also possible to vary the focusing or the form of the 
radiation used in order to simulate this movement. This can 
be effected e.g. by means of lenses, diaphragms etc.. More- 
over, mirror elements or deflection means altering the beam 
travel length, such as mirrors arranged in the direction of 
the beam, may be utilized to alter the travel lengths of the 
radiation and thus simulate a movement. 

In a second embodiment, there is, for example, neither a 
movement of the transmitting and receiving device nor of the 
object, and only the signal form received by the object, e.g. 
the time signal of the reflected radiation, is detected. This 
reflected signal, in terms of its width and form, is depend- 
ent upon the number of layers or sheets of the sheet-like ob- 
ject, since the signal portions reflected on these layers 
have different travel-back times to the receiving device and 
thus broaden the reflected signal e.g. in terms of time. On 
the basis of the width, it is then possible to determine the 
number of sheets or the thickness of the object. The re- 
flected signal can be processed in various ways, as eluci- 
dated hereinbefore in connection with the previous embodi- 
ments, and can be compared to stored experimental values for 
reflected signals associated with different object thickness 
values. By statistical evaluation of the signal form received 
and of signal forms, stored or deteirmined or learned during 
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operation, which are associated with different thickness val- 
ues, the thickness of an object can be determined simply and 
rapidly. 

The device for determining the thickness or the number of 
sheets of a moving sheet-like object or of a sheet-like ob- 
ject according to the present invention renders possible fa- 
cilitated handling without operational elements. Software 
analysis of the characteristic signals, spectra, areas per- 
mits e.g. arbitrary accuracy, thereby increasing reliability 
to a high degree as well. The device of the present invention 
furthermore renders possible a simple construction, improved 
evaluation possibilities, is based on a non-contacting proc- 
ess and is flexibly applicable to various configurations, 
e.g. in paper manufacture, paper processing and paper han- 
dling. It may be employed e.g. in the utilization of micro- 
wave radiation with all sheet-like objects having a thickness 
between 1/10 mm and some millimeters. 
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Claimp 

What is claimed is: 

1, A device for determining the thickness or the number of 
sheets of a sheet-like object (100; 200; 300; 400; 500) ^ 
comprising: 

a transmitting and receiving device (102; — 202; — 302; 
402 ; — 502) — for transmitting radiation to the — moving 
object — (100; — 200^ — ^QG^ — 40^^ — 500) , for receiving re- 
flected radiation containing at least the part of 
the radiation transmitted to the object — (100; — 200; 
300; 400; — 500) that is reflected by th e moving oh- 
ject (100; 200; 300; 4 00; 500) ^ and for generating a 
signal representing the reflected radiation; and 

- an e valuator o valuation — moans — ( 10 d ; — 20 4 ; — 30 4 ; — 40 4 ; 
504 ) for determining the thickness or number of 
sheets of the moving object — (100; — 2##t — — 400; 
500) , which receives the signal representing the re- 
flected radiation^ 

characterized in 

that wherein the evaluator evaluation moano — (104; — 204; 
30 4 ; — 4 04; — 50 4 ) — rccGivca tho signal roprcoonting the ro - 
f Icctod radiation, — comparos a signal pattern of tho oig- 
ftai — reproocnting tho roflcctcd radiation to stored sig - 
ftei — patterns — for prodotormined thlckncso — values — of tho 
moving — object — (104; — 204 ; — 304; 404; — 504) — and dotorminos 
tho thickness of tho moving object — (104; — 204; — 304; — 404; 
504 ) — as a function of said comparison comprises: 

a memory for storing a plurality of previously de- 
termined time signal patterns or a plurality of pre- 
viously determined frequency spectra or a plurality 
of previously determined area values of frequency 
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spectra^ which are each associated with a specific 
thickness or number of sheets of the object; and 



10 



13 15 



a comparator for comparing the signal representing 
the reflected radiation or a freguency spectrum de- 
rived therefrom or an area value of a freguency 
spectrum derived therefrom, to the time signal pat- 
terns or frequency spectra or area values of fre- 
guency spectra which are stored in the memory and 
for determining the thickness or the number of 
sheets of the sheet-like object as a result of the 
comparison . 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (100; — 400) accord- 
ing to claim 1, wherei n the evaluation moano — (104; — 404) 
further compriocG: 



'20 



25 



30 



35 



the memory comprises a first memory storggo moano — (106; 
^06a) for storing one or more previously determined time 
signal patterns each associated with a specific thick- 
ness of the object (100; — 400) ; and 

a first comparioon mcano — (108; — 4-&»a ^the comparator com- 
prises a first comparator for comparing the time signal 
pattern of the signal representing the reflected radia- 
tion to the stored previously determined time signal 
patterns and for determining the thickness of the object 
(100; — 400) — on the basis of the comparisons. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (200; 300; — 400) ac- 
cording to claim 1 — er — 2, wherein the evaluation moano 
(20 4; 30 4; 40 4) evaluator further comprises: 

a tranoformation means (210; 310; 410) transf ormator for 
transforming the time signal pattern of the signal rep- 
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resenting the reflected radiation to the frequency do- 
main in order to generate a frequency spectrum of the 
reflected radiation . 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (200; 300; — 400) ac- 
cording to claim 3, wherein the transformation — moano 

(210; — 310; 410) — trans forma tor carries out a Fourier 

transform. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (200; — 400) accord- 
ing to claim 3 or — 4-, wherein the evaluation mcano — (20 4 ; 
404 ) — evaluator comprises furthermore : 

a OQcond — otorago — moano — (206; — 4 06b) — frequency spectra 
memory for storing efte — — more — a plurality p reviously 
determined frequency spectra each associated with a spe- 
cific thickness of the moving object — (200; — 400) ; and 

a second comparioon — moano — (208; — 408b) — comparator for 
comparing the frequency spectrum of the reflected radia- 
tion to the stored previously determined frequency spec- 
tra and for deteimining the thickness of the moving ob- 
ject — (200; — 400) on the basis of the comparisons- 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (300; — 400) accord- 
ing to — afty — e# claim-© 3 — fee — wherein the evaluation 
moano — (304; — 404) — evaluator comprises furthermore : 

an third otorago moano — (206; — 4 0 6b) area value memory for 
storing e^^e — — moro — a plurality of previously deter- 
mined area values each associated with a specific thick- 
ness of the moving object — (300; — 400) ; 
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an area determination mcanG — (312; — — determinator for 
determining the area of the spectrum around the fre- 
quency corresponding to the Doppler shift of the fre- 
quency of the radiation transmitted to the moving object 
(300; 400) ; and 

a third comparioon moano — (308; — 408c) comparator for com- 
paring the area determined to the stored, previously de- 
termined area values and for determining the thickness 
of the moving object — (100) on the basis of the compari- 
sons . 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (500) according to 
any of the preceding claim-s 1^ comprising f urtheinnore a 
reflector (516) — ^which^ with respect to the transmitting 
and receiving device — (502) , is disposed behind the mov - 
in^ object (500) and which reflects the radiation trans- 
mitted through the moving object — (500) to the moving ob- 
ject — (500) and to the transmitting and receiving device 
(502) , 

A device for determining the thickness or the number of 
sheets of a moving — sheet-like object (100; — 200; — 300; 
400) according to any of the preceding claim-& 1, wherein 
the f irot, — oocond — and/or — third — comparioon moano — (108; 
208 ; — 308; — 408a, — ^7 — — comparators comprise a fuzzy 
logic, 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (400) according to 
any of the preceding claimrs 1, wherein the f irot, — oocond 
and/or third — comparioon moans — (408a, — ^7 — — comparators 
are coupled to a fourth comparioon moano — ( 414 ) — compara- 
tor for examining the conformity of the thicknesses de- 
termined by the comparioon moano — (408a, — ^7 — — compara- 
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tors and for determining a most probable thickness of 
the object (400) . 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (400) according to 
claim 9r wherein the fourth comparioon moano — ( 414 ) — com- 
parator is a fuzzy logic, 

A device for determining the thickness or the number of 
sheets of a moving — sheet-like object (100; — — 300; 
400; — — according to any of the preceding claime 1, 
wherein the radiation is electromagnetic or acoustic ra- 
diation, 

A device for determining the thickness or the number of 
sheets of a — moving sheet-like object — (100; — 200; — 300; 
400; — 500) according to claim 11, wherein the radiation 
is microwave radiation. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (100; — — 300; 
400; — 500) according to claim 11 — e^^ — iSr, wherein the 
transmitting and receiving device (102; — 202; — 302; — 402; 
502) — comprises a waveguide antenna — (118; — 218; — 318; — 418 ; 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (100; — 20^ — 300; 
400; — 500) according to claim 11, wherein the radiation 
is ultrasonic radiation. 

A device for determining the thickness or the number of 
sheets of a — moving sheet-like object — (100; — 200, — 300; 
4 00; — 500) according to -a^y — ef — the — procoding claims 1, 
wherein the moving object (100; 200; 300; 400; 500) is a 
moving stack of sheets and the thickness of the moving 
stack of sheets is a measure for the number of media. 
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16. A device for determining the thickness or the number of 
sheets of a moving sheet-like object — (100; — 200; — 30 0; 
400; — 500) according to claim 15, wherein the moving 
stack of sheets is a stack of paper, 

17. A device for determining the thickness or the number of 
sheets of a sheet-like object (100; — 200; — Se^f — — 500) 
according to any of the procoding claims - 15 , wherein the 
transmitting and receiving device (102; — 202; — 302; — 402; 
502) — is in motion instead of the object, 

■3r8-s — A dcvicQ for dotormining tho thickncoG or the number of 
ohooto of a ohoGt - liko object (100; 200; 300; 400; 500), 
comprioing 

a transmitting and receiving device — (102; — 202; — 302; — 402; 

502) — for transmitting radiation to the object — (100; 200; 
300; — 4 00; — 500) , — — receiving — reflected — radiation — con - 
taining at — least tho part — of the radiation transmitted 
to the object — (100; — ^^-Ot — S^Ot — 4^0^ — — that is re 
floctod by the object (100; 200; 300; — 400; 500) , and for 
gonorating — a — signal — rcprcocnting — fefee — rof Icctcd — radia - 
tion; and 

an evaluation meano — (104; 204; — 30 4 ; — 404; 504) — for deter - 
mining the thicknooo of the object — (100; — 200; — ^QQ^ — 400; 
500) , 

characterized in 

that the evaluation means — (10 4 ; — 204; — 304; — 404; — &&4-) — £^e— 

ccivos — tho signal — representing tho reflected radiation, 
compares a signal pattern of the signal representing the 
rofloctod radiation to stored signal patterns for prede - 
termined thickness values of the object — (104 ; — 2 04 ; — 304 ; 
4 04 ; — 504) — aftd — dotorminco — febe — thickness — e^ — fefee — object 
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(104; 204; 304; 404; 504) qg a function of caid compari 
Gon. 



A dovicQ for determining the thickncGG or the number of 
ohQQtG of a moving Ghoct - liko object — (100; — — accord - 
ing to claim 18, wherein the evaluation moanG — (10 4; — 404) 
further compriocG : 

^ — firot — Gtoragc moano — (106; — 406a) — #e*= — otoring one — e*^ 
more prcviouoly determined time oignal pattorno each ao 
oooiatod v/ith a opecific thickneoo of the object — (100; 
4 00); and 

a firot comparioon meano — (108; — 408a) — for comparing the 
time — Gignal pattern of the — cignal — repreaenting the re - 
flected — radiation — fe^ — t^=^e — Gtorcd — previouGly — determined 
time — Gignal patternG — and for determining the thicknoGQ 
of the object — (100; — — on the baGio of the compari - 
oonG . 



A device for determining the thickncGG or the number of 
ohcetD of a moving ohoot - like object (200; 300; 400) ac 
cording to claim 18 or 19^ v^horein the evaluation meano 
(204; 304; 404) further compriGcoi 

a tranoformation means — (210; 310; — 4iO^ — for transforming 
the time oignal pattern of the oignal reprcoenting the 
reflected radiation to the frequency domain in order to 
generate — a — frequency — spectrum of the — reflected radia 
tion. 



A device for determining the thiclcnoGG or the number of 

Ghooto of a moving Ghect - likc object — (200; — — accord - 
ing to claim 20, wherein the evaluation means — (204; — 404) 
comprises furthermore : 
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^ — QQCond — storage moang — (206; — 4 0 6b) — #e-r — otoring one — 

more prcviouoly dGtcrmincd frequency Qpoctra each aooo - 
elated — with — a — opecif ic — thieknegg — — — object — (200; 
400) ; and 

5 

a occond comparioon itioanG — (208; — 408b) — for comparing the 

frequency — opectrum — e# — fefee — reflected — radiation — fee — fefee 
stored previouoly determined frequency opectra and for 
determining the thickneoo — of the object — (200; — — 
10 the baolQ of the comparioong. 

"^2-5 — A device for determining the thickneoQ or the number of 
p Dheeto — — a — moving — oheot - like — object — (100; — 200; — 300; 
|3 400) — according to any of the preceding claimo^ — wherein 
M 15 fefee — first — and second comparioon meano — (108; — 208; — iOSa, 
|T fe^ — comprise a fuzzy logic. 

Is I 

5ls.f 



o 
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A device for determining the thickness or the number of 
sheets of a sheet-like object — (100)^ comprioing has a trans- 
mitting and receiving device (102) for transmitting radiation 
to the object, for receiving reflected radiation containing 
at least the part of the radiation transmitted to the object 
(100) that is reflected by the object (100) , and for generat- 
ing a signal representing the reflected radiatio n. An evalua- 
tor is provided7 — and an evaluation means — (104) for determin- 
ing the thickness or number of sheets of the object — (100) — 

— baoio — of prcvioucily — dotcrmincd — conncctiono — botwoon — tfee 
signal charactcrioticci and the thicknooo of the object — (100) ^ 
which receives the signal representing the reflected radia- 
tion. The evaluator has a memory for storing a plurality of 
previously determined time signal patterns or a plurality of 
previously determined frequency spectra or a plurality of 
previously determined area values of frequency spectra, which 
are each associated with a specific thickness or number of 
sheets of the object, and a comparator for comparing the sig- 
nal representing the reflected radiation or a frequency spec- 
trum derived therefrom or an area value of a frequency spec- 
trum derived therefrom, to the time signal patterns or fre- 
quency spectra or area values of frequency spectra which are 
stored in the memory and for determining the thickness or the 
number of sheets of the sheet-like object as a result of the 
comparison. 
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Device for Determining the Thickness or the N\ainber 
of Sheets of a Sheet-like Object 

Description 

The present invention relates in general to a device for de- 
termining the thickness or the number of sheets of a moving 
sheet-like object, and in particular to a device for deter- 
mining the number of sheets in a stack of paper. 

Conventional devices for determining the thickness or the 
number of sheets of a sheet-like object are based in essence 
on two different methods. 

On the one hand, there are some devices operating on a me- 
chanical basis. With the aid of a lever operating a micro- 
switch, the edge of the object, e.g. of a stack of sheets, is 
scanned. This method is in fact of simple construction, but 
it is unreliable and less suited for moving objects. 

In contrast thereto, optoelectronic methods, such as e.g. 
passing light control, in which the object, e.g. paper, 
passes through a light barrier, are easier to evaluate. How- 
ever, they are susceptible of errors as the light transmis- 
sion changes for different objects, e.g. different kinds of 
paper or printed images, resulting in misinterpretation of 
the optical signal . 

Both of the afore-mentioned methods of determining the thick- 
ness or the number of sheets of a moving sheet-like object, 
e.g. a stack of paper, thus entail in part considerable dis- 
advantages concerning the handling, accuracy and reliability 
in particular with moving sheet-like objects. 

Additional methods, such as the distance measurement by in- 
ductive and capacitive sensors, do not result in accurate and 
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reliable measurement of the thickness of a sheet-like object 
either and often are also less suited for measuring the 
thickness especially of moving sheet-like objects, 

5 DE 3934 623 Al describes a device for folding specimens to be 
folded, e.g. folding specimens of paper, using an adjustable 
folding pressure, in particular for simultaneously measuring 
the thickness and the compressibility of the folding speci- 
mens. The thickness of folding specimens of paper can be de- 
10 termined by way of the folding pressure. 

DE 3612914 Al discloses a device for measuring the thickness 

of paper or the like, in which the paper rests on a support, 

p and a movably supported sensor is provided which is respon- 

1315 sive to the position of the surface of the paper and which is 

Jt; carried by an air cushion; the position of said sensor and 

y thus the thickness of the paper can be determined by a meas- 

es 

urement device. 

1^20 DE 3922992 C2 discloses a means for recognizing both the 
m thickness and the edges of recording media in processing ap- 
O paratus, in particular in printers, in which the recording 
media rest on a support with an as small gap as possible and 
are adapted to be scanned by a sensing element measuring the 
25 lift and performing a relative movement with respect to the 
recording medium, with measured lift differences being con- 
verted to electrical signals representing the thickness of 
the recording media. 

30 EP 0635696 Bl describes a device for the electronic measure- 
ment of the thickness of thin webs or sheets, in particular 
foils, films or paper sheets, consisting of a fixed support- 
ing surface and a tactile sensor arranged in fixed manner and 
substantially perpendicularly to this supporting surface and 

35 having a ferromagnetic tactile member which is movable rela- 
tive to the supporting surface and, as a function of its po- 
sition relative to the supporting surface, influences the 



signal of an inductive transducer in the form of a sensor 
coil and thus indicates the thickness of the webs or sheets. 

DE 19537340 Al describes a page sensor apparatus for produc- 
ing a signal related to a thickness of a sheet of paper, 
which comprises a base plate and a foot plate positioned in 
opposed relation. The base and foot plates are arranged to 
allow the paper to pass therebetween, so that the base and 
foot plates are separated by a distance substantially equal 
to the thickness of the sheet of paper. A capacitance sensing 
means connected to the base plate and the foot plate senses 
changes in the electrical capacitance of the base and foot 
plates and generates an output signal related to the plate 
separation and thus the paper thickness. 

EP 0442727 A2 discloses a paper thickness detecting apparatus 
comprising an electrode detecting unit constituted by a 
ground electrode and an opposing detecting electrode arranged 
in upper and lower positions of a running path of paper, an 
oscillating circuit for generating an oscillation frequency 
signal, a resonant circuit for shifting a resonant point in 
response to a change in electrostatic capacitance correspond- 
ing to a change in paper thickness detected by the electrode 
detecting unit, and a detecting circuit for detecting an out- 
put signal of said resonant circuit in order to determine the 
thickness of the paper. 

US 5,012,248 describes a device for determining the thickness 
of radar absorption material coatings. The device comprises a 
radiating element assembly for transmitting RF energy and re- 
covering reflected RF energy from the coating. A source of a 
frequency-modulated RF signal comprises an FM ramp generator 
assembly, a buffer amplifier assembly and a Gunn oscillator. 
A ferrite circulator directs the modulated RF signal to the 
radiating element assembly and the reflected RF energy to a 
detector assembly. The detector assembly includes a Schottky 
detector, a video amplifier assembly, a converter/driver as- 
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sembly and a digital display, and is adapted to sense the re- 
flected RF energy from the coating and provide a visual dis- 
play in the form of a voltage that is inversely proportional 
to the amount of the reflected RF energy and is a measure for 
5 the thickness of the radar absorption material coating. 

US 4,161^731 discloses an FM radar for the measurement of 
coal thickness wherein an FM transmitter is modulated by the 
combination of two signals; a horn-type antenna is used, 
10 which is filled with a material having a dielectric constant 
approximating that of coal, the antenna being positioned 
flush against the coal, 

g US 5,145,560 discloses a method and a device for determining 

i315 the liquid jet velocity in a paper making machine. This jet 
1^ velocity is detected by microwave Doppler-ef f ect velocity 

y sensors. The velocity sensors comprise a means for directing 

the microwave signal towards a first location of the liquid 
hk jet and for receiving the reflected microwave signal from the 

1^20 liquid jet, the velocity sensors including furthermore a 
m means for generating a sensor output signal which is shifted 
l'3 in frequency in accordance with the velocity of the jet at 

the first location in accordance with the Doppler effect. 

25 DE 3327526 Al describes a method of determining the wall 
thickness or acoustic velocity of workpieces by means of an 
ultrasonic measuring instrument. The ultrasonic measuring in- 
strument comprises two transducer elements accommodated in a 
common housing, a transmit transducer and a receive trans- 

30 ducer that are acoustically isolated from each other and re- 
ceive and transmit the ultrasonic signals. The transmit ele- 
ment is coupled to a transmitter, and the receive element is 
coupled to a receiver connected to an evaluation unit. On the 
basis of the travel time of the signal of the transmit trans- 

35 ducer reflected from a wall or a workpiece and received in 
the receive transducer, the evaluation unit determines the 
workpiece properties, such as the wall thickness or the 
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acoustic velocity of the wall material. The evaluation unit 
moreover, by means of correction factors, performs correc- 
tions on the thickness or travel time measured by the ultra- 
sonic measuring instrument, in accordance with the type of 
probe used. These correction factors are retrieved by the 
evaluation unit from a memory (PROM) which furthermore is 
adapted to store the thickness of a calibration body mounted 
on the measuring instrument, previously measured thickness 
values or preset values for measuring a thickness differen- 
tial. For determining a thickness differential from a previ- 
ously measured thickness or a predetermined thickness, a com- 
parison means in the form of a comparator may be connected to 
the evaluation unit. The ultrasonic measuring instrument can 
also perform thickness measurements during movement relative 
015 to an object to be measured, e.g. a wall. 
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The document WO82/03455 Al describes a method and a device 
for measuring layer the thickness of material layers using a 
frequency-modulated ultrasonic signal. The ultrasonic signal 
Jj20 is modulated with a specific, fixed modulation rate and di- 
11 rected to a material layer to be measured. Due to the reflec- 
Q tion of the signal on the outer and inner boundary layer of 

the material, interference of these reflected signals occurs, 
and the receive signal received by the layer, due to the fre- 
25 quency modulation of the ultrasonic signal transmitted to the 
layer, thus has a frequency-dependent interference pattern 
having maxima and minima, which may be used for determining 
the thickness of the material layer. 

30 DE 3424 652 Al discloses an apparatus for dynamically deter- 
mining the local weight per unit area of sheet-like material. 
The apparatus comprises an arrangement of transmitter, re- 
ceiver and material to be measured, in which the portions of 
sound reflected on these elements are faded out of the path 

35 of rays between the transmitter and the receiver and at the 
same time prevents by suitable means, e.g. sound traps, that 
the faded out portions of sound return to the original path 



of rays and reach the transmitter and/or receiver. The mate- 
rial to be measured is in the form of sheets and is moved be- 
tween transmitter and receiver with the aid of guide means, 
e^g, transport rollers. The sheet-like material to be meas- 
ured is exposed to sound waves from a sound transmitter, and 
the portions of sound transmitted and reflected by the mate- 
rial to be measured are measured with the aid of a receiver 
in order to determine therefrom the weight per unit area. 

DE 4141446 C2 describes a method of measuring the thickness 
of a film of water, snow or ice on a surface, in which a 
pulse of electromagnetic radiation is directed obliquely from 
above onto the surface covered with such film. The transition 
time of the pulse through the film and thus the thickness of 
the layer are determined by a transition time difference 
measured in the receiver between a portion of the pulse re- 
flected back to the receiver at the surface of the film and 
another portion of the pulse reflected back to the receiver 
at the surface on which said film is located. In a different 
process, the transition time of a pulse between the transmit- 
ter, the surface covered by a film, and the receiver is meas- 
ured and stored, and this stored transition time is compared 
with a transition time of a momentarily measured transition 
time value for a pulse transmitted by the transmitter and re- 
flected at the surface of a film located on the surface and 
received in the receiver, and the thickness of the film is 
determined on the basis of this comparison. 

A disadvantage of the conventional devices for determining 
the thickness of and the number of sheets of a sheet-like ob- 
ject resides in that they do not permit accurate and reliable 
determination of the thickness and in particular of the num- 
ber of sheets of a moving sheet-like object, such as a stack 
of paper. 

A further disadvantage of the conventional devices consists 
in that no non-contacting and at the same time accurate de- 
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tection of the thickness or of the number of sheets is possi- 
ble. 



Still another disadvantage of the conventional devices con- 
5 sists in that in particular the determination of the thick- 
ness or the number of sheets of moving objects,, in which e.g. 
the individual sheets form a loose stack of paper and which 
are moved on arbitrary guide paths at different velocities, 
is not possible in accurate and reliable manner. 

10 

It is the object of the present invention to provide a device 
for determining the thickness or the number of sheets of a 
H moving sheet-like object or of a sheet-like object, which 

;^ renders possible an accurate, reliable and non-contacting de- 

{315 termination of the thickness or the number of sheets of a 
^ moving sheet-like object or of a sheet-like object. 

Ui. 

if? 5 

This object is met by a device for determining the thickness 
or the number of sheets of a moving sheet-like object accord- 
r^20 ing to claim 1 and by a device for determining the thickness 
ig or the number of sheets of a sheet-like object according to 

li claim 18. 

The invention, among other things, is based on the finding 
25 that the movement of a sheet-like object in accordance with 
the velocity and the thickness or the number of sheets 
thereof, respectively, has a different effect, in the instant 
case also via the Doppler effect, on the characteristics of 
the reflected portion of radiation directed onto the moving 
30 sheet-like object, e.g. microwave radiation, and that thus a 
determination of the thickness of the moving object or of the 
number of sheets, respectively, is rendered possible by vir- 
tue of predetermined connections between the radiation char- 
acteristics and the thickness of the object or the number of 
35 sheets. 



Preferred embodiments of the present invention will be eluci- 
dated in more detail hereinafter with reference to the accom- 
panying drawings in which 



Fig. 1 shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a first preferred embodiment of the pre- 
s ent invent i on ; 



Fig. 2 shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a second preferred embodiment of the 
present invention; 

Fig. 3 shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a third preferred embodiment of the pre- 
sent invention; 

Fig. 4 shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a fourth preferred embodiment of the 
present invention; and 

Fig. 5 shows a device for determining the thickness or the 
number of sheets of a moving sheet-like object ac- 
cording to a fifth preferred embodiment of the pre- 
sent invention. 



A first preferred embodiment of the present invention will be 
described in the following with reference to Fig. 1. A device 
for determining the thickness or the number of sheets of a 
moving sheet-like object 100 according to the first embodi- 
ment of the present invention comprises a transmitting and 
receiving device 102, such as a microwave sensor having a 
waveguide antenna 118, or an ultrasonic sensor or an electro- 
magnetic sensor in general or an acoustic sensor. The trans- 
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mitting and receiving device 102 transmits radiation to the 
moving object 100, such as a paper or stack of paper, and re- 
ceives reflected radiation comprising at least that part of 
the radiation transmitted to the object that is reflected by 
5 the moving sheet-like object 100. In response to receipt of 
the reflected radiation, the transmitting and receiving de- 
vice 102 furthermore generates a signal representing this re- 
flected radiation. The device for determining the thickness 
or the number of sheets of a moving sheet-like object 100 ac- 
10 cording to the first embodiment of the present invention com- 
prises furthermore an evaluation means 104 determining the 
thickness of the moving object on the basis of previously de- 
M" termined relationships or connections between signal charac- 

^ teristics and the thickness of the moving object 100. 

f5=15 

jM rpj^^ radiation emitted by the transmitting and receiving de- 

y vice 102 is scattered by the moving object 100, e.g. sheets 

Hi _ 

of paper, and is reflected back to the transmitting and re- 
1^ ceiving device 102. The reflected radiation has a shifted 

g20 frequency with respect to the transmitted radiation due to 
the Doppler effect. Depending on the type of object, e.g. the 
type of paper and the thickness of the paper, but also the 
position and velocity of the moving object, a signal pattern 
or curve is obtained which, in the time and frequency domain, 
25 is characteristic of the paper thickness or the number of 
sheets of the paper supplied simultaneously in superimposed 
manner. These signals can be digitized, for example, in the 
evaluation means 104, supplied to a calculating unit and ana- 
lyzed there by mathematical auxiliary means. 

30 

In the first embodiment of the present invention, the evalua- 
tion means 104 comprises a first storage means 106 for stor- 
ing one or more previously determined time patterns each as- 
sociated with a specific thickness of the moving object 100. 
35 The previously determined time patterns may be determined, 
for example, empirically by measuring the reflected radiation 
of a moving object 100 with different thickness or number of 
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sheets, but also e.g. with a different velocity, position 
etc.. These characteristic time patterns then are stored in 
the first storage means 10 6, e.g. a RAM, of a fixed disc or 
another storage medium in order to render possible in a prac- 
5 tical application later on a comparison with actually meas- 
ured signal patterns or curves and determine the thickness of 
object 100 on the basis of this. 

In the first embodiment of the present invention, evaluation 
means 104 comprises furthermore a first comparison means 108 
for comparing the time pattern of the signal representing the 
reflected radiation to the stored, previously determined time 
patterns and for determining the thickness of the moving ob- 
ject 100 on the basis of the comparisons. This comparison 
means 108, for example, is capable of retrieving from the 
first storage means 106 those previously determined charac- 
teristic time patterns that are associated with a specific 
thickness of the moving object in order to compare the same 
to the actually measured time patterns of the signal repre- 
senting the reflected radiation. This renders possible a 
thickness determination by way of the time signal. The first 
comparison means 108 may be e.g. a fuzzy logic, any other 
statistical logic, a means carrying out integral value com- 
parisons of integrals of the signals, signal curve compari- 
sons etc.. The first comparison means 108, both in terms of 
hardware and in terms of software, may be implemented with 
arbitrary accuracy of the comparison, e.g. number of the bi- 
nary positions. 

30 A second preferred embodiment of the present invention will 
be described in the following with reference to Fig. 2. In 
the second embodiment of the present invention, an evaluation 
means 204 comprises a transformation means 210 for transform- 
ing the time pattern of the signal representing the reflected 

35 radiation to the frequency domain, in order to generate a 
frequency spectrum of the reflected radiation received by a 
transmitting and receiving device 202. The time pattern can 



be read, for instance, into a memory, retrieved from the mem- 
ory and can be transformed to the frequency domain e.g. by 
means of transformation means 210, such as a means for per- 
forming a Fourier transform, to thus obtain a frequency spec- 
trum. This frequency spectrum again can be stored in a memory 
for carrying out a comparison later on. However, the fre- 
quency spectrum can also be determined directly from the time 
pattern and then processed further or stored. 

In the second embodiment of the present invention, the 
evaluation means 204 comprises furthermore a second storage 
means 202, e.g. a RAM, a fixed disc or another storage me- 
dium, for storing one or more previously determined frequency 
spectra each associated with a specific thickness of a moving 
object 200. These previously determined frequency spectra may 
be determined, for example, empirically by tests in which the 
time signals for objects of different thickness, e.g. of 
stacks of sheets with different numbers of sheets, but also 
e.g. with a different velocity, position etc. are determined 
and transformed to the frequency domain. These frequency 
spectra then are assigned to, or characteristic of, a spe- 
cific thickness or number of sheets of a moving object 200 
having a specific velocity, a specific position etc.. 

In the second embodiment of the present invention, evaluation 
means 204 comprises furthermore a second comparison means 208 
for comparing the frequency spectrum of the reflected radia- 
tion to the stored, previously determined frequency spectrum 
and for determining the thickness of the moving object 200 on 
the basis of the comparisons. In doing so, the previously de- 
termined frequency spectra, each corresponding to a specific 
thickness of object 200, are compared to the frequency spec- 
tra of signals actually measured by the transmitting and re- 
ceiving device 202, which correspond to the reflected radia- 
tion, in order to thus determine the thickness of object 200. 
The second comparison means 208 may be e.g. a fuzzy logic, 
any other statistical logic, a means carrying out integral 
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value comparisons of integrals of the spectra, spectrum pat- 
tern comparisons etc.. The second comparison means 208, both 
in terms of hardware and in terms of software, may be imple- 
mented with arbitrary accuracy of the comparison, e.g. number 
of the binary positions. 

A third preferred embodiment of the present invention will be 
described in the following with reference to Fig, 3. In the 
third embodiment, an evaluation means 304, in addition to a 
transformation means 310 identical to the afore-described 
transformation means 210 of the second embodiment of Fig. 2, 
comprises a third storage means 306 for storing one or more 
previously determined area values each associated with a spe- 
cific thickness of a moving object 300, as well as an area 
determination means 312 for determining the area of the spec- 
trum delivered by transformation means 310 in the region of a 
specific frequency, e.g. the Doppler frequency, of the re- 
flected radiation. 

During movement of the moving object 300, the part of the ra- 
diation reflected by the moving object 300 is shifted in its 
frequency with respect to the frequency of the transmitted 
radiation due to the Doppler effect. The frequency transform 
of the signal or time pattern corresponding to the reflected 
radiation has a peak value in the region of that frequency 
that results from the Doppler shift of the transmission fre- 
quency of the signal. Around this frequency component, there 
may be performed an integration or area determination by area 
determination means 312, since the area in the transform, 
e.g. the Fourier transform, of the Doppler frequency is a 
measure for the intensity of the reflection and thus for the 
question whether, for example, with a sheet-like input or 
output object of a printer, copier or facsimile device etc., 
only one sheet or a plurality of sheets have been drawn in or 
output. The area values can be determined empirically for 
different configurations of the object, in particular in ac- 
cordance with the thickness, but in addition also in accor- 
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dance with the velocity, position, guiding of the object in a 
device etc., and can be stored in a memory e.g. in the form 
of tables, in order to be able later on to determine the 
thickness of a moving object 300 that is moved with a spe- 
cific velocity etc., directly by way of comparisons of the 
actual area values output by the area determination means 312 
to the stored characteristic area values. 

In the third embodiment of the present invention, evaluation 
means 304 comprises furthermore a third comparison means 308 
for comparing the area determined by the area determination 
means 312 to the stored, previously determined area values 
and for determining the thickness of the moving object 300 on 
the basis of the comparisons. The third comparison means 308 
may be e.g. a fuzzy logic or any other statistical logic 
etc., and, both in terms of hardware and in terms of soft- 
ware, may be implemented with arbitrary accuracy of the com- 
parison, e.g. number of the binary positions. 

A fourth preferred embodiment of the present invention will 
be described in the following with reference to Fig. 4, The 
device for determining the thickness or the number of sheets 
of a moving sheet-like object 400 according to the fourth em- 
bodiment comprises a transmitting and receiving means 402 and 
an evaluation means 404 which, as in the third embodiment, 
comprises a transformation means 410 and an area determina- 
tion means 412, and in addition first, second and/or third 
storage means 406a, 406b and 406c, respectively, first, sec- 
ond and/or third comparison means 408a, 408b and 408c, re- 
spectively, and optionally a fourth comparison means 414. The 
first, second and third storage means 406a, 406b and 406c, 
respectively, correspond to the first, second and third stor- 
age means 106, 206, 306 of the first, second and third em- 
bodiments of Figs. 1, 2 and 3, and the first, second and 
third comparison means 408a, 408b and 408c, respectively, 
correspond to first, second and third comparison means 108, 



208^ 308 of the first, second and third embodiments of Figs. 
Ir 2 and 3. 

The first, second and third comparison means 408a, 408b 
and/or 408c may be coupled to comparison means 414, e.g. a 
fuzzy logic, for examining the conformity of the thickness 
values determined by the first, second and/or third compari- 
son means 408a, 408b, 408c and for determining a most prob- 
able thickness of the moving object 400. This permits still 
safer determination of the thickness of the moving object 
400, e.g. the number of sheets of a stack of paper. 

The outputs 120, 220, 320, 420a, 420b, 420c, 422 of the com- 
parison means 108, 208, 308, 408a, 408b, 408c, 414 of the 
first, second, third and fourth embodiments may be, for exam- 
ple, binary signals having a specific bit width, which code 
the thickness or the number of sheets of the moving sheet- 
like object or provide information as to which most probable 
thickness or number of sheets the moving object, e.g. a stack 
of paper consisting of sheets, has. 

In a fifth preferred embodiment of the present invention, the 
device for determining the thickness or the number of sheets 
of a moving sheet-like object 500 comprises furthermore a re- 
flector 516 which, with respect to a transmitting and receiv- 
ing device 502 is arranged behind the moving object 500 and 
which reflects the radiation transmitted through the moving 
object 500 to the moving object 500 and to the transmitting 
and receiving device 502. This reflector 516 has the effect 
that the radiation reflected to the transmitting and receiv- 
ing device 502 contains the radiation reflected by reflector 
516 in addition to the radiation reflected by the moving ob- 
ject 500. This yields a mixed signal which, similar to the 
statements made hereinbefore, can be processed by an evalua- 
tion means 504 and analyzed to determine the thickness of the 
moving object 500. 
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By means of the device for determining the thickness and the 
number of sheets of a sheet-like object according to any of 
the preceding embodiments it is possible furthermore to meas- 
ure the thickness or the number of sheets of a non-moving ob- 
ject. 

In a first embodiment this is possible by moving the device 
or the transmitting and receiving device, respectively. In 
doing so, for example the transmitting and receiving device 
is moved on a platform preferably over small distances, e.g. 
in an oscillating motion, towards the object and away from 
the object. This movement can be generated, for example, by 
an oscillation generating member, e.g. a piezoelectric mem- 
ber, mechanical oscillation generating members etc.. However, 
it is also possible to vary the focusing or the form of the 
radiation used in order to simulate this movement. This can 
be effected e.g. by means of lenses, diaphragms etc.. More- 
over, mirror elements or deflection means altering the beam 
travel length, such as mirrors arranged in the direction of 
the beam, may be utilized to alter the travel lengths of the 
radiation and thus simulate a movement. 

In a second embodiment, there is, for example, neither a 
movement of the transmitting and receiving device nor of the 
object, and only the signal form received by the object, e.g. 
the time signal of the reflected radiation, is detected. This 
reflected signal, in terms of its width and form, is depend- 
ent upon the number of layers or sheets of the sheet-like ob- 
ject, since the signal portions reflected on these layers 
have different travel-back times to the receiving device and 
thus broaden the reflected signal e.g. in terms of time. On 
the basis of the width, it is then possible to determine the 
number of sheets or the thickness of the object. The re- 
flected signal can be processed in various ways, as eluci- 
dated hereinbefore in connection with the previous embodi- 
ments, and can be compared to stored experimental values for 
reflected signals associated with different object thickness 



values- By statistical evaluation of the signal form received 
and of signal forms, stored or determined or learned during 
operation, which are associated with different thickness val- 
ues, the thickness of an object can be determined simply and 
rapidly* 

The device for determining the thickness or the number of 
sheets of a moving sheet-like object or of a sheet-like ob- 
ject according to the present invention renders possible fa- 
cilitated handling without operational elements. Software 
analysis of the characteristic signals, spectra, areas per- 
mits e.g. arbitrary accuracy, thereby increasing reliability 
to a high degree as well. The device of the present invention 
furthermore renders possible a simple construction, improved 
evaluation possibilities, is based on a non-contacting proc- 
ess and is flexibly applicable to various configurations, 
e.g. in paper manufacture, paper processing and paper han- 
dling. It may be employed e.g. in the utilization of micro- 
wave radiation with all sheet-like objects having a thickness 
between 1/10 mm and some millimeters. 



Claims 



A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200; 300; 
400; 500) , comprising: 

a transmitting and receiving device (102; 202; 302; 402; 
502) for transmitting radiation to the moving object 
(100; 200; 300; 400; 500), for receiving reflected ra- 
diation containing at least the part of the radiation 
transmitted to the object (100; 200; 300; 400; 500) that 
is reflected by the moving object (100; 200; 300; 400; 
500), and for generating a signal representing the re- 
flected radiation; and 

an evaluation means (104; 204; 304; 404; 504) for deter- 
mining the thickness of the moving object (100; 200; 
300; 400; 500), 

characterized in 

that the evaluation means (104; 204; 304; 404; 504) re- 
ceives the signal representing the reflected radiation, 
compares a signal pattern of the signal representing the 
reflected radiation to stored signal patterns for prede- 
termined thickness values of the moving object (104; 
204; 304; 4 04; 504) and determines the thickness of the 
moving object (104; 204; 304; 404; 504) as a function of 
said comparison. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 400) accord- 
ing to claim 1, wherein the evaluation means (104; 404) 
further comprises: 



a first storage means (106; 406a) for storing one or 
more previously determined time signal patterns each as- 
sociated with a specific thickness of the moving object 
(100; 400); and 

a first comparison means {108; 408a) for comparing the 
time signal pattern of the signal representing the re- 
flected radiation to the stored previously determined 
time signal patterns and for determining the thickness 
of the moving object (100; 400) on the basis of the com- 
parisons . 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (200; 300; 400) ac- 
cording to claim 1 or 2, wherein the evaluation means 
(204; 304; 404) further comprises: 

a transformation means (210; 310; 410) for transforming 
the time signal pattern of the signal representing the 
reflected radiation to the frequency domain in order to 
generate a frequency spectrum of the reflected radia- 
tion. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (200; 300; 400) ac- 
cording to claim 3, wherein the transformation means 
(210; 310; 410) carries out a Fourier transform. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (200; 400) accord- 
ing to claim 3 or 4, wherein the evaluation means (204; 
4 04) comprises furthermore: 

a second storage means (206; 406b) for storing one or 
more previously determined frequency spectra each asso- 
ciated with a specific thickness of the moving object 
(200; 400); and 



a second comparison means (208; 408b) for comparing the 
frequency spectrum of the reflected radiation to the 
stored previously determined frequency spectra and for 
determining the thickness of the moving object (200; 
400) on the basis of the comparisons. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (300; 400) accord- 
ing to any of claims 3 to 5, wherein the evaluation 
means (304; 404) comprises furthermore: 

a third storage means (206; 406b) for storing one or 
more previously determined area values each associated 
with a specific thickness of the moving object (300; 
400) ; 

an area determination means (312; 412) for determining 
the area of the spectrum around the frequency corre- 
sponding to the Doppler shift of the frequency of the 
radiation transmitted to the moving object (300; 400); 
and 

a third comparison means (308; 408c) for comparing the 
area determined to the stored, previously determined 
area values and for determining the thickness of the 
moving object (100) on the basis of the comparisons • 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (500) according to 
any of the preceding claims, comprising furthermore a 
reflector (516) which, with respect to the transmitting 
and receiving device (502), is disposed behind the mov- 
ing object (500) and which reflects the radiation trans- 
mitted through the moving object (500) to the moving ob- 
ject (500) and to the transmitting and receiving device 
(502) . 



A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200; 300; 
4 00) according to any of the preceding claims^ wherein 
the first, second and/or third comparison means (108; 
208; 308; 408a, b, c) comprise a fuzzy logic. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (400) according to 
any of the preceding claims, wherein the first, second 
and/or third comparison means (408a, b, c) are coupled 
to a fourth comparison means (414) for examining the 
conformity of the thicknesses determined by the compari- 
son means (408a, b, c) and for determining a most prob- 
able thickness of the object (400) , 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (400) according to 
claim 9, wherein the fourth comparison means (414) is a 
fuzzy logic. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200; 300; 
400; 500) according to any of the preceding claims, 
wherein the radiation is electromagnetic or acoustic ra- 
diation, 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200; 300; 
400; 500) according to claim 11, wherein the radiation 
is microwave radiation, 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200; 300; 
400; 500) according to claim 11 or 12, wherein the 
transmitting and receiving device (102; 202; 302; 402; 



502) comprises a waveguide antenna (118; 218; 318; 418; 
518) . 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200; 300; 
400; 500) according to claim 11, wherein the radiation 
is ultrasonic radiation. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200, 300; 
400; 500) according to any of the preceding claims, 
wherein the moving object (100; 200; 300; 400; 500) is a 
moving stack of sheets and the thickness of the moving 
stack of sheets is a measure for the number of media. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200; 300; 
400; 500) according to claim 15, wherein the moving 
stack of sheets is a stack of paper. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200; 300; 
400; 500) according to any of the preceding claims, 
wherein the transmitting and receiving device (102; 202; 
302; 402; 502) is in motion instead of the object. 

A device for determining the thickness or the number of 
sheets of a sheet-like object (100; 200; 300; 400; 500), 
comprising 

a transmitting and receiving device (102; 202; 302; 402; 
502) for transmitting radiation to the object (100; 200; 
300; 400; 500), for receiving reflected radiation con- 
taining at least the part of the radiation transmitted 
to the object (100; 200; 300; 400; 500) that is re- 
flected by the object (100; 200; 300; 400; 500), and for 
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generating a signal representing the reflected radia- 
tion; and 

an evaluation means (104; 204; 304; 404; 504) for deter- 
mining the thickness of the object (100; 200; 300; 400; 
500) , 

characterized in 

that the evaluation means (104; 204; 304; 404; 504) re- 
ceives the signal representing the reflected radiation, 
compares a signal pattern of the signal representing the 
reflected radiation to stored signal patterns for prede- 
termined thickness values of the object (104; 204; 304; 
404; 504) and determines the thickness of the object 
(104; 204; 304; 404; 504) as a functi on of said compari- 
son. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 400) accord- 
ing to claim 18, wherein the evaluation means (104; 4 04) 
further comprises: 

a first storage means (106; 406a) for storing one or 
more previously determined time signal patterns each as- 
sociated with a specific thickness of the object (100; 
400); and 

a first comparison means (108; 408a) for comparing the 
time signal pattern of the signal representing the re- 
flected radiation to the stored previously determined 
time signal patterns and for determining the thickness 
of the object (100; 400) on the basis of the compari- 
sons . 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (200; 300; 400) ac- 
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cording to claim 18 or 19^ wherein the evaluation means 
(204; 304; 404) further comprises: 

a transformation means (210; 310; 410) for transforming 
the time signal pattern of the signal representing the 
reflected radiation to the frequency domain in order to 
generate a frequency spectrum of the reflected radia- 
tion. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (200; 400) accord- 
ing to claim 20, wherein the evaluation means (204; 404) 
comprises furthermore : 

a second storage means (206; 406b) for storing one or 
more previously determined frequency spectra each asso- 
ciated with a specific thickness of the object (200; 
400); and 

a second comparison means (208; 408b) for comparing the 
frequency spectrum of the reflected radiation to the 
stored previously determined frequency spectra and for 
determining the thickness of the object (200; 400) on 
the basis of the comparisons. 

A device for determining the thickness or the number of 
sheets of a moving sheet-like object (100; 200; 300; 
4 00) according to any of the preceding claims, wherein 
the first and second comparison means (108; 208; 408a, 
b) comprise a fuzzy logic. 
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